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EXECUTIVE SUMMARY

We have developed alpha spectroscopy and thermal 1onization mass spectrometry
(TIMS) measurement techmques capable of detecung 239+240py and 241Am at 001
pCVL concentranons using 2 L water samples collected from the holding ponds at the
Rocky Flats Plant (RFP) Expenments venfied that alpha spectroscopy and TIMS meas-
urement techmques were comparable at the 0 01-0 5 pCi 239+240py/L concentranons A
review of the alpha spectroscopy results obtained during this study indicates that the
analyucal uncertainty associated with samples containing 0 01 pCyL of 239+240py or
241Am 15 35-50% at the 67% confidence level The analyucal uncertainty decreases to
+15% when 005 pCvVL samglcs are measured Measurements of water samples traced
with varying amounts of 239+240py indicate that the analyucal uncertainty for TIMS
measurements at 0 01-0 5 pC1 239+240py/L. concentrauons 1s + 6% at the 67% confi-
dence level

We also developed ultra-sensinve TIMS measurement techniques capable of detecting
239+240py at the 0 001 pCyL level and 241 Am at the 0 003 pCi/L level using 2 L water
samples The analyucal uncertainty for TIMS 239+240py measurements at 0 001 pCyL
concentratons 1s +50% The analyucal uncertainty associated with 241 Am measurements
at 0.003 pCy/L concentranons 1s +50%

Three plutonum and two amencium chemical separation schemes were investigated
These procedures were evaluated for accuracy and sample throughput Separation
schemes were specifically developed for separaung plutonium and amencium from wa-
ters collected from the RFP holding ponds These procedures are fast and produce high
quahty results The procedures descnbed above were applied in studies measunng the
plutomum and amencium concentrations 1n holding ponds Al, A2, A3, A4, Bl, B2, B3,
B4, BS, C1, C2 and the effluent of the water treatment plant (STPEFF) The results of
these studies and thexr significance are discussed 1n detail
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1. Introduction

This work provides answers to a vanety of questions pertaining to the charactertzation of
surface waters at the Rocky Flats Plant (RFP) The pnimary thrust was the development
and tesung of analytical procedures for measunng plutonium and amencium concentra-
tions 1n water samples A summary of all chemical procedures and analytical results col-
lected 1n support of this project 1s included 1n the appendices The chemmcal procedures
are summanzed in Appendices 1-5 The TIMS measurement procedures are summanzed
in Appendix 6 The analyncal results obtained by TIMS measurement techniques are re-
ported 1n Appendix 7 The alpha spectroscopy results are reported 1n Appendix 8 and the
alpha spectroscopy QA/QC results are reported in Appendix 9 Appendix 10 1s a
compilation of samples analyzed by both alpha spectroscopy and TIMS measurement
techniques

A portion of the analytical measurements was performed 1n support of Tasks B and C
Polzer and Essington documented the results for Task B in, "The Physical and Chemucal
Charactenzation of Radionuchdes in the Surface Waters at Rocky Flats Plant *! Tnay

documented the results for Task C 1n, "Report on the Effecniveness of Flocculation for
Removal of 239Pu at Concentrations of 1 pCy/L and 0 1 pCy/L "2

2. Summary of Accomplishments
2.1 Analyses Performed

Table 1 1s a numencal tabulation of the analytical measurements performed in support of
contract LATO-EG&G-91-022

Table 1
Analyses Performed 1n Support of Contract LATO-EG&G-91-022

Purpose of Analysis Instrumental Method Element Analyzed  No of Analyses

Pond Water Charactenzanon  TIMS Plutonium 107
Pond Water Characterization  Alpha Spectroscopy  Plutonium 162
Pond Water Characterizanon  Alpha Spectroscopy Amerncium 31
Task B Support TIMS Plutomum 24
Task C Support TIMS Plutonium 41
Methods Development TIMS Amerncium 28
QARQC Alpha Spectroscopy  Plutomium 23
QA/QC TIMS Plutonium 42
3
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2.2 Program Support Activities

The program support actvines have previously been reported Section 22 hsts those
activities.

2.2 1 Developed approved vendors hist
2.2 2 Validated punty of reagents obtained from commercial vendors
2 2 3 Developed data base for analytical results

2.3 Summary of Procedures Documented

The sample management protocols have previously been reported Section 2 3 1 hsts the
protocols developed 1n support of this project Sectnon 2 3 2 hists the analyucal proce-
dures developed 1n support of this project

2.3.1 Sample Management Protocols

Chain of custody

Sample collecuon
Shipment of mtnc acid
Sample preservation
Sample container packaging
Sample container shipment
Sample receiving

Sample dismbunon
Shipping container return

2.3.2 Analytical Procedure Documentation

Plutonium Separanon Procedure 1 (Appendix 1)
Plutomum Separanon Procedure 2  (Appendix 2)
Plutonium Separation Procedure 3  (Appendix 3)
Americium Separation Procedure 1 (Appendix 4)
Americium Separation Procedure 2 (Appendix 5)
TIMS Measurement Procedures (Appendix 6)




3 Preliminary Experiments

The statement of work required that we investigate ways to rapidly obtain accurate meas-
urements of the achmide concentranons 1n the holding ponds at RFP A senies of expen-
ments was performed to venfy that the methods developed produced accurate data
Summanzed below are the pertinent problems

3.1 Sample Throughput

The RFP pond water study requires that large numbers of samples be analyzed in a
tmely manner The best way to increase sample throughput 1s to analyze small aliquots
of water by sensitive measurement techniques The statement of work required that we
invesngate methods for determiming plutonium and amencium at the 0 05 pCy/L and the
0003 pCyL levels Alpha spectroscopy and TIMS are capable of detecung plutonium
and amencium at the 0 05 pCyL level from 2L water samples TIMS can detect pluto-
mum and amenicium at the 0 003 pCy/L level from 2 L water samples All future work
for Task A was predicated upon a 2 L water sample size

It was determined that the best way to prepare a 2 L water sample for actimde analyses
was evaporation. Two liters of water can be evaporated quickly Samples can be left
unattended on a hot plate overmght Evaporatuion rates increase when a stream of dry air
1s passed over the surface of the water Sample evaporation 1s not the hmiung factor for
sample throughput Sample throughput 1s imited by the amount of time 1t takes to
chemically process the sample and/or the amount of insrument measurement ume avail-
able.

The plutomum and amencium 1n the waters from the holding ponds at RFP must be sepa-
rated from the dissolved minerals present in the samples before they can be measured
Chemical separanon and punficanon techmques are not 100% efficient A portion of the
plutomum and amencium 1s lost dunng processing This loss can be determined by 1so-
tope dilunon measurement techniques A known amount of "isotopically pure” 2py
and/or 243Am 15 added to the sample pnior to processing These tracers are equilibrated
with the acumdes present in the sample before chemical processing 1s mmnated This
provides a means of correcting for chemical yield so the true plutonium and amencium
concentranons can be deternuned. Sample - tracer equilibration 1s most easily accom-
plished by heatung the sample 1n a strong muneral acid This should be done after the
sample has been concentrated and before chemical processing 1s imnated It 1s best to add
the acid pnor to "boil-down " This acid digesuon aids in sample-tracer equilibranon and
may facihitate chemmcal processing

Actumde concentration by 10n exchange chromatography and scavenging were tnvest-
gated as potential methods for concentranng the plutonium and amencium in RFP pond
water samples It was the authors' opinion that these techmques were unnecessary The
RFP pond water 1s a simple matmnx and the actimde concentranons are €asy to measure in
small sample aliquots Actinide concentration by 1on exchange chromatography or scav-
enging techniques should be reserved for large samples having complex matrices Ion ex-




change chromatography or fernc hydroxide scavenging are the methods of choice for
1solanng plutonium from 200 L samples of sea water They are "overkill” for the RFP
pond water samples These techniques may actually jeopardize the vahidity of the analyu-
cal results Concentrauon by 10n exchange chromatography or scavenging prior to sam-
ple-tracer equilibration 1s nsky Scavenging techniques like the Montmonllonite-Catfloc
technique reported by Tnay in support of Task C work regardless of the form of the
plutonium that 1s present and provide effecuve methods for removing acunides from
large amounts of water However, no significant ume gain would be achieved by apply-
ing the technique to the 2 L pond water samples that are required to meet the analyucal
goals of this project

3.2 Sample Homogeneity

There 1s an inherent pitfall in analyzing very small aliquots of water from the holding
ponds at RFP The RFP pond waters are not pure solutions Inhomogeneities 1n the acu-
mde concentrations exist. Much of the plutonium in the RFP pond water exists as part-
cles or colloids Therefore, 1t 1s extremely misleading to analyze a single 0 5 cc water
sample by an instrumental measurement technique and then use that datum to extrapolate
to the total actimde content of the holding ponds

An expenment was conducted to determine the homogeneity of the waters in the RFP
holding ponds It was necessary to perform this experiment to ensure that analyses of 2 L
water samples would provide representatve results Three 2L ahiquots from a large sam-

ple of C2 pond water were analyzcd for their glutomum content by TIMS Values of 4 10
x 102, 534 x 102 and 4 03 x 10-2 pC1 239+240py were obtained The coefficient of
vanauon (CV) among the mplicate samples was 16% A field blank consisting of de-
iomzed water was run simultaneously This blank was handlied 1n the field and in the
laboratory 1n an 1dentical manner to the C2 pond water sample The field blank contained
less than 5§ x 10-4 pCi 239+240py/.. The homogeneity of ponds A4 and BS were not as-
sessed These ponds have extremely low actinide concentranons Determination of sam-
ple homogeneaty at the 0 003 pCi/L level 1s very expensive, tedious and labor intensive

These measurements were beyond the scope of this study

The 16% CV for the plutonium content of pond C2 must be considered a "snapshot-in-
time” and not a hard and fast number. The majonty of the plutonium 1n the RFP vicinity
is in the soil. This plutomum may be particulate 1n nature or 1t may be present in some
other form that is attached to native soil particles When left undisturbed, the plutonium
tends to bind wath the soil and become less available for transport. Earthwork that dis-
turbs the grass cover of the soil tends to increase erosion Increased erosion transports
more soil and its associated plutomum 1into the holding ponds (The holding ponds were
established to collect any plutomum being transported by water ) There 1s a finite chance
that any increase in erosion rates will also increase the number of "hot parucles” being
introduced 1nto the holding ponds. Sample inhomogeneity increases as the number of
"hot partcles” increases Therefore, the inhomogeneity of the plutonium content of the
holding ponds may vary as a function of the extent and duraton of earthwork being con-
ducted




3.3 Sample Stability

Samples collected at RFP were shipped to Los Alamos National Laboratory (LANL) for
analyses. Expenments were performed to venfy that the acumide concentrauons in the
samples received at LANL were representative of the acumide concentrations in the
samples collected at RFP Actinides can adhere to the walls of the shipping containers If
this happens the acimde concentrations in the water can change with ume If the acu-
nides adhere to the sample shipping container, there 1s a probability that they will not be
transferred 1nto the ahiquot of water being analyzed The problem may be circumvented
by stabithzing the water at the ume of collection Samples were acidified in the field with
mtnc acid The acid prevents the acimdes from adhening to the walls of the container
The protocol used to stabilize the samples for this study 1s comparable to the protocol
used by the Environmental Protection Agency (EPA)3 Samples stabilized by the EPA
protocol remain stable for long penods of ime All analyses in support of this study were
completed within approximately 3 months of sample collection A senes of expeniments
was performed to venfy that the RFP water samples remained stable unul they were
analyzed RFP pond water samples were traced with precisely determined amounts of

44py comparable to the 239Pu contents of the C2 pond waters The 244Pu was known
to be 1n soluthon and 1n the +4 valence state Aliquots of these samples were analyzed
immediately for their 239py and 244pu content by TIMS techniques The remainder of
the samples were stored in the laboratory Aliquots were drawn 14 days and 73 days later
for plutomum analyses The results are shown 1n Table 2

Table 2

Sample Stability Studies

R F Sample# SeparanonDate 239Pu Atoms/L  244Pu Atoms/L 244py Meas/Added

SW60179WC  01/07/92 135x 10*9 217 x 1019 0995
SW60179WC  01/24/92 130x 1049 197 x 1019 0904
SW60179WC  03/31/92 123 x 10+9 203 x 109 0931
SW60180WC 010792 1.78 x10+9 212x 1049 0972
SW60180WC  01/24/92 142x 109 233x10%9 1071
SW60180WC  03/31/92 136x 1019 216x 1019 0991
SW60181WC  01/07/92- 132x10%9 202 x 10+9 0927
SW60181WC  01/24/92 123x10*9 207 x 10*9 0950
SW60181WC  03/31/92 157 x 10%9 219 x 109 1005

The 244Pu concentranons detected 1n each aliquot were consistent with the amount of

244py added to the samples The mean rauo of 244Pu detected to 2
0.972 + 5.2 %. The CV's for the atoms of 23

44Py added was
9Pu in samples SW60179WC, SW60180WC




SW60181WC were 5%, 15% and 13% respectively The CV's for the 239Pu concentra-
tion levels measured were consistent with the 16% CV determined 1n the sample homo-
geneity study The CV's for the atoms of 244py, i samples SW60179WC, SW60180WC
and SW60181WC were 50%, 52% and 4 2% respecuvely The largest (52%) CV for
the 244Pu concentranons may be indicative of the analytical uncertainty of the measure-
ment since the 244Pu was added as a true solution  Addiuional tests of analyucal uncer-
tainty are descnbed 1n section 3 4

Next, shipping containers onigina:ly contaiming C2 pond waters that were analyzed for
the monthly sampling program were leached with nitnc acid No plutonium was detected
in the acid at the 0 001 pCi level

Water samples were collected for alpha spectroscopy analyses on a monthly basis Water
samples were also collected on the same day at the same location using the same proto-
cols for alpha spectroscopy analyses 1n support of the quarterly survey program Thisis a
duphcanon of sampling Often three months elapsed between the analyses of the monthly
samples and the quarterly samples A review of the amencium and plutonium results
from these programs indicated that the data were comparable No stansucally significant
bias could be detected These data led the authors to state that the protocols used to stabi-
lize the pond water samples were effective

3.4 Analytical Uncertainties

Unless stated otherwise all analytical uncertainties reported 1n this document are at the
67% confidence level The analyucal uncertainty associated with the alpha spectrascopy
measurements includes the standard deviation of the sample acuvity, the standard devia-
tion of the counter background, the standard dewviation of detector efficiency for the 1so-
tope of 1nterest, the standard deviation of the detector efficiency for the measunng the
1sotope dilution tracer, the standard deviation of the tracer recovery fraction, and the
standard deviation of the sample quanuty aliquoted The standard deviation of the sample
actvity and the standard devianon of the counter background are the predominant error
terms

A senes of experiments was conducted to esimate the uncertainty of the techmques used
to obtain the TIMS data. A plutonium solution was prepared from the National Bureau of
Standards and Technology (NIST) Standard Reference Matenal (SRM) 949f This NIST
cerufied sample was dissolved 1n ultra-pure mrc acid that was prepared by sub-boiling
disullation. A series of dilutions was prepared The instrumental uncertainty determuned
from analyses of 12 aliquots contaiming 0.05 pCi of plutonium was + 2% Next, pond C2
water samples spiked with 244Py and 2 L ahquots were analyzed to assess the uncertain-
ties associated wath the chemical processing of the samples These 244Pu results are re-
ported 1n Table 2. At the present the (~6%) uncertainty denved from these data repre-
sents our best esumate of the overall uncertainty associated with processing holding pond
waters containing 0.1 - 0.5 pCy/L of plutomium Addiuonal expeniments are scheduled to
define the uncertainues associated with the chemical processing of water samples The




analyncal uncertainty attmbutable to instrumental effects when measunng 0 003 pCi
239+240py samples 15 ~ 18%

4. Plutonium

4.1 Plutonium Chemical Separation Procedures

A vanety of chemical separation technmiques have been developed for separaung pluto-
mum from water Robust procedures have been developed that are capable of separaung
plutomum from very complex matnces These procedures usually require an iminal plu-
tonium separation by lanthanum fluonde precipitation and/or a hquid-hquid extraction
Final punfication 1s accomplished by a senes of 1on exchange chromatographic separa-
nons This type of procedure has the most universal application, 1 ¢, they work for al-
most any sample They produce very pure samples that can be measured by alpha spec-
troscopy or TIMS However, these chemical separation procedures are long and tedious
They are not amenable to high sample throughput

Very rapid plutonium separation procedures have been developed that use a single 1on
exchange chromatography column This 1s the type of separanon procedure that 15 usu-
ally developed for environmental studies requinng large numbers of analyses The prin-
cipal advantage of the single chromatographic column techmques 1s speed However,
they do not produce extremely pure plutomum samples Additnon of 1on exchange col-
umns to a chemical separation procedure usually increases chemucal punty They also in-
crease the amount of nme required to process a sample Single chromatographic column
separation techmques usually produce samples sufficiently pure for alpha spectroscopy
measurement techniques, they cannot be used to punfy samples for TIMS measurements
of plutomum and americium at the sub-picocurnie level No chemical separation proce-
dure has ulumate speed and ulumate punity Sample throughput 1s increased at the ex-
pense of sample punty, sample punty 1s optimized at the expense of sample throughput
Chemcal separation techniques should be developed for each specific application The
procedure should be the best compromise between sample punty and sample throughput

We investgated three chemical separanon procedures for 1solating plutonium from water
samples collected from the holding ponds at RFP They are reported 1n Appendices 1, 2
and 3. All three procedures are capable of 1solaung plutonium at the 0 01 pCy/L level
Procedures 1 and 3 are swtable for both alpha spectroscopy and TIMS measurements
Procedure 2 was developed for alpha spectroscopy measurements Procedure 3 was spe-
cifically designed to 1solate plutonium from the waters 1n the holding ponds at RFP It1s
capable of producing samples for both alpha spectroscopy and TIMS measurement tech-
mques. We feel that 1t 1s the best compromise between sample punty and sample
throughput for the RFP pond water study

Plutonium Separation Procedure 1 was denved from chemistry developed by Knobeloch,
Armyjo, and Efurd 4 All of the data generated using this procedure 1s reported 1n Appen-
dix 7 The procedure was specifically designed to 1solate plutonium from large amounts
of very complex mamx matenals The procedure uses a lanthanum fluonde precipitation,
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an ethyl acetate extracnon and a senes of anion exchange chromatographic separations to
punfy the sample This procedure produces an ultra-pure plutonium sample that can be
measured by TIMS The TIMS techniques used to obtain the plutonium measurements
an';‘ docsuéncntcd in Appendix 6 Our TIMS procedures for plutonium analyses are pub-
lished »»

Samples prepared using Plutonium Separation Procedure 1 are also suuable for alpha
spectroscopy measurements The minimum detecuon Iimit (the 95th percentile of the
background distnbution) for this chemical separation procedure, using TIMS as the
measurement techmque, was 0 001 pCy/L when analyzing 2L water samples Plutonium
Separation Procedure 1 combined with TIMS measurements meets and sigmficantly ex-
ceeds the requirements 1n the Statement of Work to develop analytical measurements for
the plutonium contents of the holding ponds at the 0 05 pCy/L and the 0 003 pCy/L levels
The average plutonium recovery from 2 L water samples using this procedure 1s 70% +
20% The chemcal yield decreases as the sample size increases This procedure has been
used at LANL to set an upper limit of 0 00008 pCy/L of plutonium by processing 200 L
water samples The validity of Plutonium Separation Procedure 1 and the TIMS meas-
urement techniques was venfied by analyzing samples spiked with known quanuiues of
the plutonium SRM 949f that was certified by NIST This procedure was used to analyze
the first water samples received from RFP and 1t served as the reference method for
evaluanng the other plutonium chemical separanon procedures that were investugated
The TIMS 1nstruments used to obtain measurements were calibrated using the NIST
Standard Reference Matenals (SRM) U-100, (SRM) U-500, and (SRM) U-950, and SRM
(Pu-949f)

Plutomum Separation Procedure 2 1s a2 modified version of the chemical separation pro-
cedure developed by Peters, Knab, and Eberhardt 7 The plutonium 1s removed from the
amon exchange column by a 0 36 M HC1 - 0 01 M HF soluton nstead of a Nal - HC!
solution The procedure was designed to 1solate plutonium from soils, water, air particu-
lates, and biologicals for measurement by alpha spectroscopy This procedure was used
to process all of the RFP water samples analyzed by alpha spectroscopy The results of
the alpha spectroscopy measurements are reported in Appendix 8 Peters et al , state that
for routine measurements with 80,000 s counnng periods and a counting efficiency of
25%, the mmimum detection himt (the 95th percenule of the background distnibution)
for 239+240py is 0 02 pCi per sample. The alpha spectrometers used to measure the RFP
Eond water samples had higher backgrounds in the 238py energy region than the

39+240py, energy region. The lower limit of detection for 238py was approximately
0.03 pCi /L. Two liter water samples were analyzed 1n support of the RFP pond water
study This chemical separation technique for alpha spectroscopy measurements exceeds
the requirement 1n the Statement of Work to develop analytical measurements for the
plutonium contents of the holding ponds at the 0 05 pCi/L level The vahdity of the pro-
cedure was venfied by analyzing cernfied plutonium samples prepared by NIST, the
Environmental Protection Agency (EPA) and the DOE Environmental Measurements
Laboratory (EML) The gas propornonal counters used to obtain the measurements were
calibrated using the NIST Standard Reference Matenal (SRM) 4906-B17, the 238puy
pnmary standard
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A senes of "in-house” matenals were prepared by pipetting known amounts of plutonium
standards 1nto water These samples were submutted as blind QA/QC standards with each
batch of RFP water samples submutted for alpha spectroscopy analyses Analyses were
considered under control if the absolute value of the difference between the results ob-
tained by measuning the "in house” QA/QC samples and the cerufied mean was within
the propagated standard devianion of experimental uncertainty These QA/QC protocols
are descnbed 1n LANL document LA-11637-MS utled, "Quality Assurance for Health
and Environmental Chermistry 1988 8 The results of this QA/QC program are summa-
nzed in Appendix 9 They venfyv the fact that the analyses were under contol dunng the
processing of each batch of samples

Plutomium Separanon Procedure 3 was specifically developed for separaung plutomum
from water samples collected from the holding ponds at the Rocky Flats Plant Analyses
of the chemical composition of a water sar- le collected from pond C2 allowed us to
specifically tailor the chemistry for these samples The chemical composition of the
water sample collected from pond C2 1s shown 1n Table 3

Table 3

Major Ionic Species Present in RFP Holding Pond Water

Ionic Species Concentration (mg/L)
Cat+ 340
Mg*+ 74
Nat 290
K* 70
Fet++ <05
Mn*+ <01
SiH+++ 12
Lt <01
AltH 01
F- 04
cr 342
S04~ 47 4
NO3- 237

The data reported in Table 3 were used as the basis for ehiminating unnecessary chermcal
processing steps dunng the development of Plutomum Separation Procedure 3 Samples
can be processed by Plutonium Separation Procedure 3 1n less than one fourth the nme
required to process samples using Plutomum Separation Procedure 1 This procedure 1s
amenable to batch processing Samples can be processed 1n batches of 6-12 by a single
analyst There are several places in the procedure where the processing can be halted
overnight or longer without adverse effects This enables the analyst to increase sample
throughput by processing several batches of water samples simultaneously The proce-
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dure produces samples that can be measured by TIMS or alpha spectroscopy The valid-
1ty of Plutonium Separation Procedure 3 was verified by analyzing samples spiked with
known quannnes of the plutonium SRM 949F The comparability of Plutonium Separa-
tion Procedure 3 and Plutomum Separation Procedure 1 was proven by analyzing ali-
quots of pond C2 water by both chemical separauion procedures There was no stansucal
difference in results obtained by the two procedures The mummum detection hmut for
this chemical separation procedure, using TIMS as the measurement technique, was
0001 pCyvL when analyzing 2L water samples This chemical separation techmque
combined with TIMS measurements exceeds the requirement tn the Statement of Work
to develop rapid and simple analytical measurement techniques for quanufying the plu-
tonium content of the holding ponds at the 0 05 pCy/L and the 0 003 pCy/L levels

4.2 Plutonium-238 Results

Eighty-four water samples were anal;zcd for their plutonium content by Plutonium Sepa-
ranon Procedure 2 The 238py and 239+240py content of each sample was determined
by alpha spectroscopy and the analyucal results are reported in Appendix 8 The data
reduction techmques and methods for calculating the analytical uncertainty associated
with the alpha spectroscopy measurements are documented 1n Los Alamos National
Laboratory report LA-103000-M, Vol II (1992) 7 All alpha spectroscopy measurement
values are corrected for counter background A zero value means that the sample count
rate and the counter background were idenucal TIMS 1s not suitable for environmental
238py measurements because trace quantiies of 238y are always present in the samples,
chemical reagents and the TIMS' source and filament matenials This 238U causes an
1sobanic interference that biases the 238Pu results

The plutomum processed at RFP has a 238py/239+240py alpha actvaty rano of ~ 0 04
RFP did not process 1sotopically pure 238Puy, all of the 238Pu processed at RFP was as-
sociated with  239+240Py  Plutomum-238 cannot be chemically fractionated from
239+240py 1n the laboratory or the environment Samples havmgj a 238p/239+240py
alpha acuvity ratio of 0 04 must contan at least 0 75 pCy/L of 239+240py 1n order 1o
have sufficient 238Py to be detected at the 0 03 pCy/L level when analyzing 2L water
samples by alpha spectroscopy. No samples analyzed in this study had sufficiently high
plutonium concentrations to obtain accurate 38py measurements The 238Pu concentra-
tions reported in Appendix 8 are upper hmit values that venfy the fact that no water
samples collected during this study had 238Pu levels above the 005 pCyL discharge
limit. Two liter water samples provide an excellent means for determining that the plu-
tomum concentrations in the holding ponds are below the 0 05 pCy/L discharge limuts
Analyses of 2L water samples are inadequate for deternuning the actual 238py concen-
tranons in the holding ponds at RFP Ahquots ranging 1n size from 7.5-37.5 L would
have been required from pond C2 1n order to obtain sufficient 238Pu for alpha spectros-
copy analyses. Over 240 L water samples would have been required to quanufy the ac-
wal 238py concentranons 1n ponds A4 and BS Even larger samples would have been re-
quired to measure the 238Pu content, if any 1s present, 1n the effluent of the treatment
plant (STPEFF). Large aliquots of water must be analyzed by chemical separation proce-
dures that use multiple 10n exchange chromatographic separations to remove the last
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traces of 228Th and 224Ra that are naturally present in the RFP holding pond waters If
these nuchdes are not completely, anomalously high 238Pu values are obtained because
the alpha emussion energies of 228Th and 224Ra are almost identical to the alpha ems-
sion energy of 238Pu These procedures are tedious and very labor intensive They are
not amenable to high sample throughput

4.2 Plutonium 239+240 Results

The 239+240py data obtained by Plutomum Separanion Procedure 1 and Plutomum
Separation Procedure 3 using TIMS Analyses are reported in Appendix 7 and they are
summanzed 1n Figure 1

Figure }
Plutonium Concentrations in Holding Ponds at RFP
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Ponds A4, BS, C2 and the effluent from the water treatment plant (STPEFF) were sam-
pled on a monthly basis. The samples were shipped to LANL for analyses by alpha spec-
troscopy and TIMS All of the monthly water samples collected from pond C2 contained
sufficient plutonium for alpha spectroscopy and TIMS measurements The plutomum
concentrations in ponds A4 and BS and the effluent from the water treatment plant were
too low for alpha spectroscopy measurements Therefore, the analyucal results obtained
from the monthly samplings of pond C2 served as the basis for the companson of the
measurement techniques A 2 L ahquot of ultra-pure water was spiked with 242py and
processed simultaneously with each monthly batch of water samples These process
blanks yielded a 239+240py concentranon of 0 0004 pCyL + 0 0003 pCyL This proc-
essing blank made no more than a 15% contmbution to measurements at the required
0 003 pCvL mimimum detection himat required by this program

Figure 2 15 a graphical representation of the plutonium concentranons in holding pond C2
as measured by alpha spectroscopy and TIMS Water samples were collected for alpha
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spectroscopy and TIMS on the same day at the same location using 1dentical protocols
Both sets of samples were collected, stabilized, and shipped by the protocols established
for this study.

Figure 2
Comparison of P iutonium Concentrations in Pond C2 as Measured by
Alpho $ pectroscopy and T IMS
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The upper and lower limit obtained by alpha spectroscopy spans the 95% confidence 1n-
terval for each plutonium measurement for the monthly pond water sampling program
Eleven of the 12 sets of waters from pond C2 that were measured by alpha spectroscopy
and TIMS were not significantly different at the 95% confidence level The plutonium
concentrations measured by alpha spectroscopy and TIMS 1n the December 1991 samples
were significantly different. This may be due to the presence of a "hot parncle” or the
sample may have been contamunated. Insufficient data exist to confirm or refute these
hypotheses.

A 1otal of 41 RFP water samples was analyzed by alpha spectroscopy and TIMS The
analyncal results are reported in Appendix 10 Figure 3 1s a correlanon plot of
239+240py measured by alpha spectroscopy versus 239+240Py measured by TIMS The
Y-intercept of -9.987 x 10~4 + 2.122 x 10~4is not sigmificantly different from zero. The
slope 1s 1.151 + 0.064 (67% confidence interval). These data windicate that there 1s a ex-
cellent correlation for the data obtained by alpha spectroscopy and TIMS These data led
the authors to state that alpha spectroscopy and TIMS are comparable. Either technique
can be used to measure the plutonium content of water samples at the 0 01 pCy/L level
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F gure 3

Correlanon plot of 239+240py \feasurements Obtained by Alpha Specoscopy vs TIMS
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A review of all of the alpha spectroscopy results obtained duning this study indicates that
the analyncal uncertainty associated with samples contaiming 0 01 pCi Pw/L 1s 35-50%

The uncertainty decreases to 15% when 0.05 pCi PwL samples are measured. These un-
certainnes are consistent with counnng stansucs and are representaave of the results ex-
pected from a “state-of-the-ant" environmental analyncal laboratory having a high sample
throughput and excellent QA/QC programs The analyucal uncertainty for TIMS meas-
urements at the 0 01-0.5 pCi/L level 1s £ 6% The analyncal uncertanty for TIMS ply-
tonium measurements at the 0.001 pCVL level 1s 35-50% The uncertainty decreases to
~16% when 0.003 pCvL plutonium samples are measured. These analyucal uncertainues
are representative the results expected from a “state-of-the-art” TIMS measurement facul-

ity

TIMS 1s capable of resolving 239Pu and 240Pu Table 4 summanzes the 240Pw/239Pu
atom ranos measured 1n pond C2 dunng the course of this invesnganon.
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Taote 4

240py,,239py Atom Rauos Measured In Pond C2

R F Sample # Date Sampled  =30Pw/239%Pu Atom Rano  239+240py pCuL
SW60152WC 08/28/91 00519 00436
SW60159wWC 09/09/91 00504 00396
SW60163WC 10/14/91 00529 00475
SW60169WC 11/1191 00526 00304
SW60165WC 11/1191 00527 00316
SW60181WC 12/1581 00522 00403
SW60200WC 01/16/92 00472 00126
SW60213WC 02/19/92 00523 00202
SW60220WC 03/18/92 00420 00433
SW60224WC 04/20/92 00574 00510
SW60232WC 05/13/92 00488 0 0966
SW60236WC 06/16/92 00565 00623
SW60246WC 07/29/92 00578 00799
SW60249WC 08/11/92 00537 00342
SW60260WC 08/1392 00567 00549
SW60260WC 08/13/92 00587 00358
SW60261WC 08/13/92 00558 00405
SW60261WC 08/13/92 00683 00502
SW60262WC 08/1392 00483 00539
SW60262WC 08/13/92 00426 00519

The 240Py/239Py atom rano is often useful for idenufying the source term for
plutomum For example the 240py239py atom rauo of the plutonium detected in pond
C2 15 0 05, the 240Pu/239Py atom rano 1n global fallout 1s 0 18 9 Krey and Hardy have
used the 240Pw/239Py atom ranos 1n soil samples collected 1n Colorado to separate
source terms. 10 For a given sample, they were able to determune the fracton of
plutonium that onginated as weapons grade plutonium and the fraction of plutonmum that
ongnated as global fallout. Cobb et. al., measured the 240Pu/239Py atom ranos 1n
human lung and hiver nssues collected i1n Colorado 1n an attempt to idenufy the source
terms for any plutonium present 1n the nissues. ! 1 Isotopic finger pnnung of plutonium 1s

frequently used in huganon.
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S. Americium
5.1 Americium by Alpha Spectroscopy

Amencium-241 can be detected by alpha spectroscopy or TIMS Both measurement
techniques use 243Am as the 1sotope dilution tracer for quanufying the amencium con-
tent of the sample Samples prepared for alpha spectroscopy are traced with gxcocune or
less quantines of 243Am Our himit of detection by alpha spectroscopy for 41Am 1s0-
lated from 2 L water samples 1s 0 01 pCi/L using 1 day count lengths Environmental
measurement facilines typically process 0 1-2 L of water and count for 1 day Processing
larger samples and longer count lengths increase the technique’'s sensinvity Larger sam-
ples require additional chemical punficauon and the longer counung times sigmficantly
reduce sample throughput

We investuigated two chemical separanon procedures for 1solating amencium from water
samples collected from holding ponds at RFP These procedures are reported in Appen-
dices 4 and 5 Amencum Separanon Procedure 1 was used to obtain all of the amen-
cium values presented 1n this report using alpha spectroscopy measurement techmques
These data are presented in Table 4

The amencium fracuon of the samples processed by Plutonium Separation Procedure 2
was analyzed by Method No ER120 which was developed by D Knab, R J Peters, and
W Eberhardt 12 The Amencium Separauon Procedure 1 reported in Appendix 4
summanzes the poruons of Method No ER120 used to prepare the RFP pond water
samples for alpha spectroscopy analyses The complete version of Method No ERI120 1s
published 1n LANL document LA-10300-M Method No ER120 1s suitable for samples
having less than 2 g of solid residue The sensinvity of Method No ER120 1s hmited by
the background of the alpha spectrometer For routine measurements with an 80,000-s
counting period and a counung efficiency of 25%, the mimimum detection umut (the 95th
percentle of the background distnibution) 1s 0 01 pC: for a 2L water sample All of the
amencium values measured 1n this study are reported in Table 5 The values reported in
Table 4 that are less than 001 pCyL are below the hmit of detection and are not
statistically different from counter background They are reported for completeness and
to emphasize the fact that the amencium content of the waters 1n the holding ponds are
low and difficult to quantify. The average recovery for the 243Am tracer 15 57%=+14%
for waters. Thonum-228, 224Ra, 222Rn, and 238Pu interfere with 241Am alpha
spectroscopy determinations The validity of the procedure was venfied by analyzing
cerufied amencium samples prepared by NIST and EML In addition EM-9 prepared in-
house materials by pipetung known amounts of amencium standards in water These
samples were submitted as blind QA/QC standards with each batch of RFP water
samples. The result of this QA/QC program 1s summarized in Appendix 9 The alpha
spectrometers used to obtain the measurements were cahibrated to the NIST standard
(SRM) 4906-B17, the 238Pu pnmary standard This procedure 1s amenable to batch
processing -
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Table 5

Amencium Content of Holding Ponds at RFP

Pond RFP Sample Sampling Date  Alpha results Analyucal Uncertainty
Number pCV/L

Al SW60171WC 11/14/91 0027 0003
A2 SW60172WC 11/14/91 0017 0 005
A3 SW60173WC 11/14/91 0008 0004
A4 SW60154WC 08/27/92 0002 0002
A4 SW60154WC 08/27/92 0002 0003
A4 SW60161WC 09/10/91 0 005 0004
A4 SW60161WC 09/10/91 0001 0003
A4 SW60165WC 10/15/91 0 009 0 004
A4 SW60167WC 11/11/91 0007 0003
Bl SW60174WC 11/14/91 0115 0012
B2 SW60175WC 11/14/91 0 145 0014
B3 SW60176WC 11/14/91 0017 0 005
B4 SW60177WC 11/14/91 0014 0005
B5 SW60153WC 08/27/91 0 005 0 005
BS SW60153WC 08/27/91 0009 0 005
B5 SW60160WC 09/09/91 0004 0004
BS SW60160WC 09/09/91 0004 0003
B5 SW60164WC 10/14/91 0003 0002
B5 SW60168WC 11/11/91 0010 0 004
Cl1 SW60178WC 11/14/91 0007 0003
C2 SW60152WC 08/28/92 0029 007
C2 SW60152wWC 08/28/92 0020 0 006
C2 SW60159WC 09/09/91 0014 0003
C2 SW60159WC 09/09/91 0 009 0004
C2 SW60169WC 11/11/91 0009 0004
STPEFF SW60155WC 08/27/92 0 006 0004
STPEFF SW60155WC 08/27/92 0002 0 004
STPEFF SW60162WC 09/13/M1 0 009 0 005
STPEFF SW60162WC 09/1391 0008 0 005
STPEFF SW60166WC 10/15/91 0 004 0003
STPEFF SWS50170WC 11/1191 0007 0003

Thurty one water samples were analyzed for americium content Ten of these samples had
amencium levels above the limit of detection of 0 01 pC//L No amencium was detected
1n ponds A4 or B5 No amencium was detected 1n the effluent from the treatment facility
(STPEFF). Whenever the plutonium content of the waters increased the amencium con-
tent also increased. The plutonium content of the water samples was always sigmficantly
higher than the amencium content No samples contained measurable quantues of am-
encium and no plutonium. These facts led the authors to speculate that the amencium
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and plutonium were being 1njected 1nto the pond by a common mechamsm, 1 e, trans-
port of the parnculates by water and/or wind, resuspension of sediments, and/or colloidal
transport These data do not provide informauon as to the mechanism of the amencium
and plutonium 1njection other than the fact that the actimides seem to be entenng the
water at the same tme

Table 6 lists the water samples containing measurable quanuties of americium The plu-
tonium content and the amencium to plutonium alpha activity ratios for these samples
are also listed

Table 6

Amencium and Plutomium Content of RFP Waters

Pond  RFP Sample Number 241-Am (pCv/L) 239+240-Pu (pCy/L) 241-Am/239+210 Pu

Al SW60171WC 0027 0058 0466
A2 SW60172WC 0017 0029 0 586
Bl SW60174WC 0115 0218 0528
B2 SW60175WC 0145 0476 0305
B3 SW60176WC 0017 0061 0279
B4 SW60177WC 0014 0042 0333
BS SW60168WC 0010 0055 0182
C2 SW60152WC 0029 0066 0439
C2 SW60152WC 0020 0 066 0303
C2 SW60159WC 0014 0055 0225

The analyucal uncertainties associated with the americium concentrations measured 1n
the 2L water samples analyzed from the holding ponds ranged from 7 5-50% The ana-
lytical uncertainues associated with the alpha spectroscopy measurements of the pluto-
mum fractions ranged from 6 5-23%

The amencium to plutomum alpha activity ratio 1n matenals processed at RFP 1s not
constant. The ratio ranges from 0.2-0 4 This vanation 1s explained by the fact that duf-
ferent batches of plutomum contain different amounts of 24!Pu Plutonium-241 decays
with a 14.4 year half hife into 241Am Therefore, the amencium to plutonium alpha ac-
tivity ratio varnes as a functon of the 241py content and age of the matenal It 1s interest-
1ng to note that the average amencium to plutomum alpha acuvity rano as determined by
the 10 measurements reported 1n Table 5 1s 0 365 + 0 133 This alpha acuvity rano 1s
consistent with the alpha activity rano of matenals processed at RFP It 1s not signifi-
cantly different from the amenicium to plutonium alpha acuvity ratio of 02 + 002 , the
241 Ay239+240py, alpha actvaty rano decay corrected to December 15, 1992, measured
in the NIST Standard Reference Matenal 4353 Rocky Flats Soil Number 1 The
231 Am/239+240py alpha actwity rano measured 1n the C2 holding ponds 1n 1988 was
05 +0 3 13 No excess americium relanve to plutonium was detected 1n the water samples
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measured at LANL If one assumes that the americium to plutonum alpha activity ratio
measured 1n STPEFF 1s the same as that of the water 1n the holding ponds and that the
plutonium concentranons 1n STPEFF measured by TIMS are correct, one would have to
process 15-100 L of water to obtain alpha spectroscopy measurements of the amencium
content in STPEFF instead of an upper it

Polzer and Essington reported 1n their Task B summary that a sigmificant fraction of the
plutonium 1n waters collected from pond C2 was soluble and passed through a 0 02-nm
filter. Therefore, 1t 1s conceivable that the americium and plutonium can chemucally frac-
tonate Amencium exists in the +3 valence state Plutonium exists in the +4 or higher
valence state 1n nature These differences 1n valence may allow the amencium and plu-
tomum to fractionate The data summanzed in Table 5 suggests that the amount of
chemical fractonaton, if any exists, 1s small and may be very difficult to detect The
amencium to plutomum alpha activity ratio measured n this study was consistent with
the acuvity rano of matenals processed at RFP These facts led the authors to postulate
that elaborate expenments requinng the processing of hundreds of liters of pond water
would be required to study any amencium/plutonium chemical frachonation phenome-
non that may be occurnng 1n the holding ponds Analysis of 1-10 L water samples for
chemcal fracnonation studies 1s an exercise in futihity

5.2 Americium by TIMS

Amencium Separation Procedure 2 was specifically designed to 1solate amernicium from
waters collected from the holding ponds at RFP Amencium Separauon Procedure 1 may
leave traces of the lanthanide elements in the sample These trace impuntes do not affect
alpha spectroscopy measurements However, they have a deletenious effect when samples
are analyzed by TIMS We developed chemistry specifically designed to optimize TIMS
measurements The procedure 1s amenable to batch processing

For TIMS analyses the amencium 1s separated from thonum and plutonium on an anion
exchange column using 7.5 M HNO3 Next, amencium 1s extracted from 12 M HNO;3
into Dibutyl-N-N-Diethylcarbamolphosphonate (DDCP) and back-extracted mnto 6 M
HCl This step removes uranium, radium, and calcium Final punfication 1s accomplished
on two anion exchange columns using acetone-hydrochlonc acid These columns sepa-
rate amencium from the lanthamide elements Preliminary expenments using water col-
lected at RFP from pond C2 indicate that this separanon procedure has a 65% chemcal
yield. Measurements of water samples traced with varying amounts of amencium indi-
cate that the analyncal uncertainty for TIMS measurements at the 0 05 pCyL level 1s %
6%. The uncertainty associated with amencium measurements at the 0 003 pCy/L level 1s
50% Immuaton of a mixed waste ban at LANL prevented further refinement of this pro-
cedure.

Our TIMS analysis technique requires that samples be traced with 100 pg (346 pC1) of
243Am Analyses of samples spiked with amencium venfied that TIMS 1s capable of
detecung 241 Am in a 2 L water sample at the 0 003 pCi/1 level The 100 pg of 243Am
required for TIMS presents a problem whenever amencium and plutonium are analyzed

20




from the same ahiquot of water because the alpha decay product of 243Am 1s 23%y
Plutonium samples traced with 243Am must have the plutonium measurements corrected
for the 239Pu present in the amencium tracer Expenments were conducted to determine
the feasibility of correctuing the plutonium concentranons in RFP pond waters traced with
242py and 243Am The results of these expenments are summarized below

One , 5 and 10 mL ahquots of the 243Am tracer solunon prepared for TIMS analyses
were spiked with 242py The plutonium was 1solated and measured b¥ 4tgermal lomzation

mass spectrometry to determine the amount of 239py present 1n the Am The results
are shown in Fag 4

Figure 4
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These data indicate that the 239Pu content of the 243Am tracer was 00027 pCymL
243Am spike on June 23, 1992

Two-liter samples of the pond waters collected 1n May and June were traced with 1 mL
of 243Am tracer and the standard amount of 242Puy tracer used 1n these studies Separate
aliquots were traced with 242py only The results obtained for this study are reported in
Table 7
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Table 7

Water Samples Traced With 242Pu And Water Samples Traced With 242Pu and 243Am

Sample # Pond 242Pu 243Am pCi Pu/L pCi Pu/L
Tracer Tracer Observed *Corrected
SW60222WC A4 X 00029 00029
SW60222WC A4 X X 00050 00023
SW60230WC A4 X 00041 00041
SW60230WC A4 X X **JA *>LIA
SW60223WC BS X 00036 00036
SW60223WC BS X X 0 0057 00030
SWe60231WC BS X 00040 0 0040
SW60231WC BS X X 00084 0 0057
SW60225WC STP EFF X 0 0005 00005
SW60225WC STP EFF X X 0 0060 00033
SW60233WC STP EFF X **[ TA *= IA
SWe60233wWC STP EFF X X 0 0045 00018
SW60224WC C2 X 00510 00510
SW60224WC C2 X X 00521 00494
SW60232WC C2 X 0 0966 0 0966
SW60232WC C2 X X 01010 00983

*The pCi Pu/L corrected values reported were calculated by subtracting the 0 0027 pCi
Pu/g of 243 Am tracer from the observed value obtained from the analyses of the ahquots
of water spriked with both 242py and 243Am The samples waced with 242py only do not
require this blank correchon

**LIA = The sample was lost in analysis

The C2 {aond water aliquots traced with 242py and the C2 pond water aliquots traced
with 24Zpy and 243Am provide comparable results once the plutonium conmbution
from the 243Am tracer 15 subtracted However, the addiuon of 1 mL of the 243Am tracer
significantly increased the amount of plutomum observed 1n the waters collected from
ponds A4, BS, and STP EFF relanve to previous amounts measured in the ponds using
aliquots of water traced only with 242py The plutomum contmbunon from the 243Am
decay continues to increase as the amencium decays Failure to remove the plutonium
from the amencium tracer would mean that an ever increasing 239py contnbution would
have to be subtracted If the plutonmum 1s not removed from the tracer duning the next
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two years, this correcion will be three times larger than the amount of plutonium cur-
rently esumated to be present 1n the water 1n ponds A4, BS and STPEFF Subtracting a
blank increases the overall uncertainty associated with the measurements The removal of
239py from the 243Am and subsequent restandardization of the tracer by mass spectro-
metric measurement techniques 1s very labor intensive and expensive

The results summanzed above led the authors to conclude that plutonium and amencium
can be analyzed by TIMS from the same ahquot of water without deletenious effects
whenever the plutonium concentration 1s above 0 01 pCy/L It 1s more cost effective and
more accurate data are obtained by analyzing separate aliquots of amencium and pluto-
mum whenever the plutomum content of the sample 1s less than 0 01 pCi/L

6.0 General Observations

Plutonium can be measured at the 0 01 pCy/L level by alpha spectroscopy or TIMS
Alpha spectroscopy 1s the only technique that we know that can consistently and
accurately measure 238py TIMS 1s the only technique that we know that can
consistently and accuratel mcasurc lutonium concentratons at the 0 003 pCy/L level
TIMS can measure both 23%Pu and 240py

Amencium can be measured 1n RFP holding pond waters at the 0 05 pCi/L level by alpha
spectroscopy or TIMS Alpha spectroscopy 1s simpler and more cost effecuve TIMS
should be reserved for ultra low level measurements that are below the himts of detection
by alpha spectroscopy

Chemucal processing of RFP water samples for alpha spectroscopy and TIMS
measurements 1s comparable It takes the same amount of nme to process a sample for
alpha spectroscopy as 1t takes to process a sample for TIMS

7.0 Summary

We have developed analytical techniques capable of measuring plutonium and amencium
at the 0 01 pCVL level using both alpha spectroscopy and TIMS. Expenments were
performed to venfy that the measurement techniques produced comparable results at the
0.01 pCyL level TIMS measurement techmques were developed to measure plutonium
at the 0 001 pCy/L level and amencium at the 0 003 pCy/L level These techmques were
used to measure acomde concentrations in water samples collected from holding ponds
Al, A2, A#, A4, B1, B2, B3, B4, Cl, C2, and the effluent from the water treaunent

plant
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Appendix 1

Plutomium Separation Procedure 1

Separation and Punfication of Plutonium for
Mass Spectrometnc Measurement

A INTRODUCTION

This separation scheme 1s used to 1solate sub-picocune quanuties of plutonium from
large samples having complex matnces The major steps 1n the procedure include (1) a
fluonde precipitation, (2) an ethyl acetate extraction, (3) an anion exchange column
using 0 IM H7SOy4, and (4) an anmion exchange column using HCI-H207

B PROCEDURE

1

2.

10.

11

Add 242Py tracer 1o the 600 mL Teflon beaker

Add 500 mL of the water sample and 30 mL of HCIO4 to the beaker and start the
evaporanon process using a hot plate

Conunue adding water to the beaker unul a total of 2000 mL of water 1s evaporated
Add 30 mL HNO3 and 30 mL of HCLO4 and evaporate to soft dryness

Add 300 mL of 3M HCl and 5 mg of lanthanum carmer

Warm .on a hot plate for at least one hour

Add 4 grams of hydroxylamine hydrochlonde to the sample solution Wait 5
munutes and add 40 ml. HF

Turn off the hot plate and let the precipatate settle overmght

Centnfuge the sample solution 1n a 50 mL polyethylene centnfuge tube Discard the
supernate.

Transfer the precipitate into a 100 mL Teflon beaker and add 10 mL HNO3 and 10
mL HCLO4, Fume to dryness to remove any residual HF

Transfer the residue from the Teflon beaker with two 4 mL poruons of 2 M HNO3
1nto a 50 mL glass centrifuge tube Saturate the solution with ammonium nitrate
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Add 10 mL of the pre-equilibrated ethyl acetate solution to the tube, cap the tube
with a s1ze 12 Red Cap, and mux the sample for 1 minute Centrifuge and transfer
the ethyl acetate layer to another 50 mL glass centrifuge tube

Repeat step 12 two additional umes combining the ethyl acetate extractions

Wash the ethyl acetate solution by adding 3 mL of pre-equilibrated 2 M HNO3 and
mixing for one mnute Cenmfuge and discard the aqueous layer Repeat the wash a
second ame

Back-extract the plutonium from the ethyl acetate solution by adding 8 mL of Type-
1 reagent grade water and mixing for one minute Centrifuge and transfer the
aqueous layer to a clean 50 mL glass centnfuge tube

Repeat the back-extraction two more times and combine the aqueous layers Discard
the ethyl acetate

Evaporate the aqueous solution containing the plutonium to dryness Destroy any
residual ammonium mitrate remaining 1n the centnfuge tube by adding 2 mL of aqua
regia and evaporating to dryness

Add 1 mL of 0 1 M H5SO4 to the tube to dissolve the plutonium (See Note 1)
Load the sample onto an anion-exchange column that has been preconditioned with
2mL of 0 1 M HySO4 (See Note 2) Rinse the tube with 1 mL of 0 1 M HpSO4
and add the ninse to the column

Rinse the column with two 1 mL additions of H2O2-HCl reagent Allow the column
to drain completely between each HyO5-HCl addition

Rinse the column with two 1 mL portions of the HF-HCl solution Rinse the tip of
the column with a stream of deionized water Discard the eluant

Elute the plutonium into a 50 mL glass centfuge tube with three 0 5 mL additions
of HI-HCl reagent Allow the column to drain completely between each addinon

Evaporate the solution to dryness

Add 6 drops of HNO3 and evaporate to dryness Add 6 drops of HCl and evaporate
to dryness.

Dissolve the sample 1n 1 mL of HyO2-HCl solution and load it onto an amon
column that has been precondiioned with 2 mL of the HyO2-HCl solution Rinse
the tube with 1 mL of the HyO2-HCI solunion and pass 1t through the column Wash
the column wath 2 mL of 8M HNO3 Runse the up of the column with deiomzed
water and discard the eluant.
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Elute the plutonium 1nto a clean 10 mL quartz test tube using three 1 mL additions
of concentrated HBr Allow each HBr addition to drain completely before adding
the next

Slowly evaporate the HBr solution to dryness
Add 4 drops of HNO3 and 4 drops of HC1O4 Heat at 130° C for one hour Raise
the temperature to 180° C and conunue evaporaung to dryness Cool to room

temperature and cap the quartz tube

Submut the sample for mass spectrometnc analyses

Note 1 Care must be taken to avoid concentration of the HySO4 Half molar sulfunc

acid can remove 100% of the plutonium from the column

Note 2 All columns used 1n this procedure are made from disposable automatic

pipetteor ups, approximately 7 cm long and Smm1d A plug of prewashed
quartz wool 1s placed 1n the up and resin 1s added to a depth of 2 cm

C REAGENTS

242py, Tracer (2 ng/mL 1n 2 M HNO3, calibrated to NIST standard 949f)
HClO4 conc

HNOj conc, 8M, 2M

HBr 47%(unstabihized)

HI 48% (unstabilized)

HCl conc

H»S04 0 IM

Aquaregia 3 1 mixture, by volume, of conc HCl and conc HNO3

HI-HC! mixture 1.9 muxture, by volume, of 48% HI and conc HCI
H0,-HCl reagent 2 drops of 30% HO; to 10 mL conc HCl

HF-HCI reagent; 0.06 M HF in conc HCI

NH4NO;. solid

Bio-Rad macroporous anion exchange resin AGMP-1, 50 to 100 mesh

This resin 1s pretreated by warming overnight in a mixture of 50%

conc HCl and 50% Type 1 reagent grade water It 1s washed 20 imes with
Type 1 reagent grade water and stored as an aqueous slurry

Lanthanum camer 5 mg La/mL H>0

Pre-equilibrated ethy! acetate and 2M HNO3 These reagents are prepared by
maxing a 50-50 muxture of 2M HNO3(saturated with ammonium nitrate) and ethyl
acetate 1n a 1000 mL separatory funnel for 5 minutes and then separating the two
layers 1nto their respective containers

29




Appendix 2

Plutonium Separation Procedure 2

Analyses of Plutomum by Alpha Pulse Height Analyses Techniques

A. INTRODUCTION

This 1s a summary of the sahent poruons of a plutonium separation procedure for water
samples which was developed by R J Peters, D Knab, and W Eberhardt of the
Environmental Measurement Group (EM-9) at Los Alamos Natonal Laboratory

(LANL) The complete procedure 1s titled "Plutonium 1n Environmental Matrices - Alpha
Specrometry,” and is published 1n the LANL document LA-10300-M

B CHEMICAL SEPARATION PROCEDURE

1 Place tracer(s), an ahquot of the water sample and 10 mL of concentrated HNO3 1n a
Pyrex beaker and begin the evaporanon process using a hot plate

2 Continue adding water to the beaker unul a total of 2000 mL of water 1s evaporated to

dryness

3 Add 20 mL of concentrated HNO3 and heat to boiling When the sample begins
stearming, CAREFULLY, add 6 drops of 48% HF while swirling the sample Evaporate

to dryness

4 Wash down the sides of the beaker with 10 mL of concentrated HNO3

5 While heating the sample, add 30% H7O5 by drops unul all organic matenals are
decomposed

6 Dissolve the residue 1n 20 mL of concentrated HNO3, carefully washing down the
sides of the beaker

7 Add S mL of concentrated HCI to the beaker and evaporate to approximately 10 mL
Remove the sample from the hot plate and cool to room temperature

8 Add 100 mL of 7.2 M HNO3 and 1 mL of saturated H3BO3 to the sample

9 Add 1 mL of NaNO, solution and mix thoroughly Allow the sample to stand at room
temperature for approximately 1 hour

10. Pour the sample solution through the resin column keeping the reservorr filled with
approximately 40 mL of solution (See notes 1 and 2)

11 Wash the column with three 40 mL aliquots of 72 M HNO3
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12 Wash the column with two 20 mL aliquots of 8 M HC1 Allow each aliquot to drain
to the top of the glass wool plug

13 Elute the plutonium 1nto a new 100 mL beaker with four 20 mL aliquots of 0 36 M
HCl1 - 0 01 M HF solution

14 Add 1 mL of concentrated HNOj3 to the plutonium eluate and evaporate to dryness

15 Add 1 mL of concentrated HNO3 and 5 mL of concentrated HCl to the residue and
evaporate to just dry Let the last few drops air dry to avoid baking the sample Repeat
this step if visible residue remains

16 Add 5 mL of concentrated HCI and evaporate using low heat untl first dry spots
appear

17 Wash down the sides of the beaker with 5 mL of concentrated HCI

18 Cover the sample with plasuc wrap and store for at least 24 hours before
electroplating

ELECTRODEPOSITION PROCEDURE

1 Clean the stainless steel planchet with methyl alcohol and assemble the electroplating
cell

2 Evaporate the sample soluton on medium heat unul a dry spot appears that cannot be
covered by swirling the beaker

3 Add 3 mL of 4% ammonium oxalate solution to the beaker Transfer this solution to
an electrodeposition cell with 0 1 M HCI unul the cell 1s approximately half filled

4 Electroplate for 30 munutes at 1 A
5 While the current 1s still on, quench the reaction by filling the cell with 1% NH4OH

6. Empty the cell and ninse the stainless steel planchet with water followed by methyl
alcohol.

7. Heat the planchet to a dull red color 1n the flame of a Bunsen burner

Note 1. The anion exchange chromatography column used 1n the procedure 1s a glass
column 197 mm long x 11 mm o d. that taperstoa 5 mmo d outlet The top of the
column 1s equipped with a 102 mm long x 40 mm o d reservoir The bottom of the
column 1s plugged with glass wool. The column 1s filled with AG 1 x 4, 50-100 mesh,
chlonde form amon exchange resin The resin 1s pre-conditoned with three 20 mL
ahquots of 72 M HNOj3
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Note 2. If the americtum content 1s also 10 be analyzed on the sample, save the recovered
sample solunon from step 10 and the first 40 mL of 7 2 M HNO3 wash from step 11 of
the chemical separation procedure

D REAGENTS

243 Am tracer if amencium analyses 1s required
Hy072 30%

HNOj3 conc,72M

HCl conc,SM, I M, 01 M

HF 48%

NH40H 1%

H3BOj3- saturated

NaNOy' 1M

HC1-Nal reagent: Dissolve 2 g Nal 1n 2000 mL of 1 M HCI Prepare fresh daily
Ammonium oxalate 4% Prepare fresh monthly
Methyl alcohol
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Plutonium Separation Procedure 3

by
D. W. Efurd and F. R. Roensch

Separation and Punfication of Plutomium from
Rocky Flats Water Samples

A INTRODUCTION

This separation technmique was specifically developed for separating plutonium from
water samples collected from the holding ponds at the Rocky Flats Plant The procedure
1s rapid and produces no mixed waste The plutonium 1s separated and punfied by a
senes of amon exchange columns

B PROCEDURE

1 Add 242py tracer, 800 mL of the water sample and 30 mL of HClO4 to a 1000 mL
glass beaker and begin the evaporation process using a hot plate

2 Contnue adding water to the beaker untl a total of 2000 mL of water 1s evaporated
3 Add 30 mL of HClIO4 and 30 mL HNOj3 and evaporate to soft dryness

4  Add 30 mL of HNO3 and evaporate to near dryness,1€,0 5-1 5mL

5  Dassolve the sample in 20 mL of 8 M HNO3

6  Pass the solution through an amon exchange column that has been precondinoned
with 20 mL of 8 M HNO3. (See notes 1 and 2)

7. Rinse the beaker with 10 mL of 8 M HNO3 and pass the ninse through the column
8  Runse the column with 10 mL of 8 M HNO3

9. Elute the plutonium 1nto a clean 40 mL glass centifuge tube by passing 10 mL of
0 5 M HCl and 10 mL of HI-HCl solution through the column

10. Evaporate the 20 mL of solution collected in step 9 to dryness
11. Add 2 mL of aqua regia and evaporate to dryness

12. Add 1 mL of 0.1 M H3SO4 to the tube to dissolve the plutonium
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Load the sample onto an amon-exchange column that has been preconditioned with
2mL of 0 1 M H2504 Runse the tube with 1 mL of 0 1 M H3SO4 and add the
ninse to the column

Rinse the column with two 1 mL additions of HyO2-HCl reagent Allow the column
to drain completely between each Hy0O2-HCl addition

Rinse the column with two 1 mL pornons of the HF-HCI solution Rinse the tip of
the column with a stream of deiomzed water Discard the eluant

Elute the plutonium nto a 50 mL glass cenmfuge tube with three 0 5 mL addinons
of HI-HCl reagent Allow the column to drain completely between each addiuon

Evaporate the soluton to dryness

Add 6 drops of HNOj3 and evaporate to dryness Add 6 drops of HCI and evaporate
to dryness

Dissolve the sample 1n 1 mL of HyO5-HCI solution and load 1t onto an anion
column that has been precondinoned with 2 mL of the H2O2-HCl soluton Rinse
the mbe with 1 mL of the Hy02-HCI solution and pass 1t through the column Wash
the column with 2 mL of 8 M HNO3 Rinse the up of the column with deiomzed
water and discard the eluant.

Elute the plutonium 1nto a clean 10 mL quartz test tube using three 1 mb additions
of concentrated HBr Allow each HBr addinion to drain completely before adding
the next

Slowly evaporate the HBr solunon to dryness

Add 4 drops of HNO3 and 4 drops of HC1O4 Heat at 130° C for one hour Raise
the temperature to 180° C and continue evaporaung to dryness Cool to room
temperature and cap the quartz tube.

Submit the sample for analyses

Note 1. The 1nitial separation of plutonium 1s accomphished on an anion
exchange column that 1s prepared by adding 3 mL of resin to a Bio-Rad Poly-
Prep chromotography column The final 2 columns used in this procedure are
made from disposable automatic pipetteor tips, approximately 7 cm long and 5
mm 1.d. A plug of prewashed quartz wool 1s placed 1n the up and resin 1s added
to a depth of 2 cm.

Note 2 The elent from steps 6-8 should be combined and saved if amencium
analyses are required
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C. REAGENTS

242py Tracer (2 ng/mL 1n 2 M HNO3, calibrated to NIST standard 9491)

HClO4 conc

HNO3 conc, 8 M, 2 M

HBr* 47%(unstabihized)

Hl 48% (unstabilized)

HCl conc,05S M

H3S04 0.1M

Aquaregia 3.1 mixture, by volume, of conc HCl and conc HNO3

HI-HC! mixture* 1°9 muxture, by volume, of 48% HI and conc HCI

H707-HCl reagent 2 drops of 30% H205 to 10 mL conc HCl

HF-HCl reagent; 0 06 M HF 1n conc HCl

Bio-Rad macroporous anion exchange resin AGMP-1, 50 to 100 mesh This resin 1s
pretreated by warmung overmight in a mixture of 50% conc HCl and 50% Type 1
reagent grade water It 1s washed 20 umes with Type 1 reagent grade water and stored
as an agueous slurry
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Amencium Separation Procedure 1

Amencum-241 In Environmental Matrices (Less Than 2-Gram Samples)-
Alpha Spectrometry

A INTRODUCTION

This procedure summanzes portions of the amencium separation procedure for water
samples which was developed by D Knab, R J Peters, and W Eberhardt of the
Environmental Measurement Group (EM-9) at Los Alamos Nanonal Laboratory
(LANL) The complete procedure 1s Method No ER120, which 1s utled "Americium-241
In Environmental Matnices (Less Than 2-Gram Samples) - Alpha Specrometry,” and 1s
published 1n the LANL document LA-10300-M The amencium 1s separated from matnx
matenal by canon exchange in HCl It 1s then separated from most acunides and
lanthanides by anion exchange with alcohol-mtrc acid solutnon The amencium 1s
collected by coprecipitation on NdF3 The NdF3 1s concentrated on a 25 mm Millipore
filter by vacuum filtranon The Millipore filter 1s mounted on a stainless steel planchet
and counted by alpha spectrometry

B CHEMICAL SEPARATION PROCEDURE

1 Place 243Am tracer, an aliquot of the water sample and 10 mL of concentrated HNO3
1n a Pyrex beaker and begin the evaporation process using a hot plate

.2 Continue adding water to the beaker unnl a total of 2000 mL of water 1s evaporated 10

dryness
3 Add 10 mL of concentrated HNO3 and evaporate the solution to dryness

4 Add 10 mL of concentrated HNO3 and heat to boithing When the sample begins
steaming, CAREFULLY, add 6 drops of 48% HF while swirling the sample Evaporate
to dryness.

5 Wash down the sides of the beaker with 10 mL of concentrated HNOj3

6. While heanng the sample, add 30% H05 by drops untl all orgamic matenals are
decomposed.

7. Dissolve the residue 1n 20 mL of concentrated HNO3, carefully washing down the
sides of the beaker

8. Add 5 mL of concentrated HCl to the beaker and evaporate to approximately 1 mL
Remove the sample from the hot plate and cool

9. Add 20 mL of 6 M HC] and 1 mL of saturated H3BO3 to the sample
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10. Evaporate the solution to dryness on low heat using either the sample as dissolved
above or the amencium fracton collected from the appropnate plutonium anion
exchange column

11 Add 20 mL of concentrated HCI to dissolve the sample residue, nnsing the sides of
the beaker Evaporate to dryness

12 Add 20 mL of concentrated HCI to the sample and evaporate to 4 mL While the
sample 1s stll warm, dilute to S0 mL with water

13 Flter the sample onto the cation exchange column that has been preconditioned with
two 20-mL ahiquots of 0 5 M HC1 (See Note 1 )

14 Wash the beaker and column with 10 mL of 0 5 M HCI

15 Wash the column with four 25-mL aliquots of 2 M HC1 Let each addinon drain to
the resin before adding the next aliquot

16 Place a 100 mL beaker under the column and elute the amencium with three 25-mL
aliquots of 4 M HC]

17 Add 5 mL of concentrated HNO3 to the soluuon and evaporate unul just dry DO
NOT BAKE

18 Add 2 mL of 6 M HNO3 and 3 mL of ethanol saturated with NaNO> Mix and let
stand for 1 h

19 Pour the sample through the anion exchange column that has been preconditioned
with two 20-ml ahiquots of fresh 60% ethanol - 40% 6 M HNO3 (See Note 2)

20 Wash the beaker and column with 5 mL of 60% ethanol « 40% 6 M HNO3
21. Wash the column with two 20-mL aliquots of 75% methanol « 25% 6 M HNO3

22 Wash the column with two 20-mL ahquots of 60% methanol » 40% 6 M HNO3

23 Place a new 100 mL beaker under the column and elute the amencium from the
column with two 20 mL ahiquots of 60% methanol < 40% 2 5 M HNO3

24 Place the beaker on a hot plate and evaporate to dryness DO NOT BAKE

25 Add 5 mL of concentrated HNO3 to the beaker and evaporate to dryness DO NOT
BAKE
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26 Add 5 mL of 1 M HNO3 and 50 microliters of neodymium carmer

27. Add 25 microliters of HF to the sample JUST BEFORE filtenng through the 25 mm
Mullipore filter. Process one sample at a tme and filter immediately

28 Wash the beaker and the filter tower with S mL of 1 MHNO3 - 1 M HF

29. Rinse the tower with 1 mL of 1 M HNO3 « 1| M HF

30 Runse the tower with two 1-mL aliquots of 1sopropyl alcohol Turn off the vacuum
after the alcohol has passed through and remove the filter

31 Mount the filter on a stainless steel planchet and submut for counting

Note 1 All 1on exchange columns used 1n this procedure are 197-mm-long by 7-mm-1d
with a 100-mL top reservoir and a up tapered 1o 2 mm1d The ups are packed loosely
with glass wool The canon exchange resin 1s AG 50x4, 100-200 mesh resin that 1s
loaded 1n the column to a height of 17 cm

Note 2 The anion exchange column 1s prepared by transfenng MP-1, 100-200 mesh
resin slurry nto the tube to a settled height of 9 cm

REAGENTS:

243Am tracer

HNO3 conc, 6 M

HF 48%

Hy072 30%

HCl conc,4 M, 2M,05M
H3BOj3. saturated

cthanol saturated with NaNO

60% ethanol * 40% 6 M HNO3
75% methanol * 25% 6 M HNO3
60% methanol * 40% 6 M HNO3

60% methanol » 40% 2.5 M HNO3
neodymun camer: 1 mg/mL

1 MHNO3 - 1 MHF
1sopropy]l alcohol
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Amencium Separation Procedure 2

by
D. W. Efurd, J. Drake, and G G Miller

Separation and Punfication of Amencium form Waters Containing High

Calcium Contents

A INTRODUCTION

We have developed a procedure for analyzing amencium from water samples containing
high calcium contents The amencium s extracted from 12 M HNO3 into Dibutyl-N-N-
Diethylcarbamoylphosphonate (DDCP) and back-extracted into 6 M HCl Final
punficauon 1s accomplished by anion exchange chromatography

B PROCEDURE

1

10

Add 243Am tracer, 800 mL of the water sample and 30 mL of 16 M HNO3 to a
1000 mL glass beaker and begin the evaporation process using a hot plate

Contuinue adding water to the beaker untl a total of 2000 mL of water 1s evaporated
Add 30 mL of 16 M HNO3 and evaporate to near dryness,1¢,0 5-1 5mL
Dassolve the sample 1n 50 mL of 8 M HNO3

Pass the solution through a large anion exchange column that has been
precondinoned with 20 mL of 0 5 M HCl and 20 mL of 8 M HNO3 Collect the
cluate 1n a clean 250 mL glass beaker (See note 1)

Rinse the beaker that ongnally contained the sample with 10 mL of 8 M HNO3 and
pass the nnse through the column.

Runse the column with 10 mL of 8 M HNO3

Place the beaker containing the eluate from steps 6-8 on a hot plate and evaporate to

dryness.

Dassolve the sample 1n 50 mL of 12 M HNOj3 and transfer the solution to a 125 mL
separatory funnel.

Add 3 mL of Dibutyl-N-N-Diethylcarbamoylphosphonate (DDCP) and extract for
3 minutes.
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Allow the separatory funnel to set undisturbed for 1 hour to 1nsure complete phase
scparation

Discard the aqueous phase
Add 10 mL of toluene to the DDCP

Add 10 mL of 6 M HCI to the separatory funnel and mx vigorously for 1 minute to
back-extract the amencium Allow the phases to separate for 5 minutes

Transfer the aqueous phase containing the amencium from the separatory funnel
nto a clean 60 mL separatory funnel

Repeat the back extraction two addiional umes using 10 mL aliquots of 6 M HCI
Add 10 mL of toluene to the 60 mL separatory funnel containing the 6 M HCl from
the 3 back-extractions and mix for 1 minute Let the layers separate for 5 minutes

before discarding the organic layer Repeat

Transfer the hydrochlonc acid from the separatory funnel into a clean 250 mL glass
beaker and evaporate the solution to dryness on a hot plate

Cool to room temperature and add 10 mL of 16 M HNO3 and fume to dryness
Repeat 2 nmes

Add 10 mL of 16 M HNO3 and 10 mL of 12 M HCIO4 Fume to dryness
Dissolve the sample 1n 4 mL of 12 M HCl Add 12 mL of acetone and mix
thoroughly Pass the soluton through a large anion exchange column that has been

condinoned with 15 mL of acetone-hydrochlonc acid reagent (See note 2)

Rinse the beaker with 5 mL of the acetone-hydrochloric acid reagent and pass the
nnse through the column.

Rinse the column with 5 mL of the acetone-hydrochlonc acid reagent

Elute the americium from the column 1nto a clean 30 mL glass beaker wath 3
separate S mL addinons of 10 M HCl

Evaporate the sampleto dryness on a hot plate
Add 3 mL of 16 M HNO3 and 1.5 mL of 12 M HCIO4 and evaporate to dryness
Dassolve the sample i1n 2 mL of 12 M HCl Add 6 mL of acetone and mix

thoroughly Pass the solution through a small anion exchange column that has been
condinoned with 5 mL of the acetone-hydrochloric acid reagent
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28 Runse the beaker with 6 mL of the acetone-hydrochlonc acid reagent and pass the
nnse through the column

29 Rinse the column with 2 mL of the acetone-hydrochlonc acid reagent

30 Elute the amencium from the column 1nto a clean 10 mL quartz test tube with 6 mL
of 10 M HCI

31 Evaporate the sample to dryness using a hot plate
32 Add 1 mL of 16 M HNO3 and evaporate to dryness

33 Add 4 drops of 16 M HNO3 and 4 drops of 12 M HC1O4 Heat at 130° C for 1
hour Raise the temperature to 1800 C and conunue evaporating to dryness Cool to
room temperature and cap the quartz tube

34 Submt the sample for mass spectrometnc analyses

Note 1 The large column used 1n this procedure 1s prepared by adding 3 mL of
resin to a2 B1o-Rad Poly-Prep chromatography column The small column used
1n this procedure 1s made from a disposable automatic pipetteor up,
approximately 7 cm long and Smm1d A plug of quartz wool 1s placed 1n the
tip and resin 1s added to a depth of 2 cm

Note 2 The acetone-hydrochlonc acid reagent must be prepared immediately
before use

C REAGENTS

243 Am Tracer. 9.1 x 1010 atoms 243Am 1n 2 M HCJ, standardized on alpha
spectrometers whose operational charactenstics have been determined by measunng
NIST cernfied standards

Bio-Rad macroporous amon exchange resin AGMP-1, 50 to 100 mesh The resin s
pretreated by warming overmight in a mixture of 50% 12 M HCl and 50% Type 1 reagent
grade water. It is washed 20 umes with Type 1 reagent grade water and stored as an

aqueous slurry :

Acetone-hydrochlonic acid reagent Mix 1 3 (v/v) 12 M HCI and acetone
Dibutyl-N-N-Diethylcarbamoylphosphonate (DDCP)

Toluene

HCLO4 12M

HNO3 16 M, 12M8M i

HCl 12M,10M.6 M.OSM
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Mass Spectrometric Measurement of Plutonium
from Rocky Flats Water Samples

A. Introduction

This procedure descnbes the instrument calibration, quality assurance tests,
sample mounting techniques, instrument operation parameters and calculations
required to measure the 23%Puy and 240Py in Rocky Flats water samples

The operations required to achieve the actual measurement of plutomium include
all of the above elements They must be performed sequentially, and they are dis-
cussed in the order in which they must be performed

B. Instrument Calibration

There are two instrumental parameters which must be determined pnor to ana-
lyzing any sample These are determination of system dead time and determination of
iIsotope fractionation

B1. System Dead Time

For any pulse counting detector system there is a finite recovery time for the
pulse amplifier after a pulse is amplified Any ion which arnves at the detector during
this recovery penod will not be detected This recovery period 1s commonly referred {0
as "dead time". A correction must be made for the dead time for all 1on counting data
This correction i1s calculated by Equation 1

Equation 1
NysfoeouJX
==t M

where Nm, = measured count rate (counts/second)
N, = true count rate (counts/second)
t = system deadtime in seconds

The value for t may be measured electronically or by the use of appropnate 1so-
topic standards. The dead time which is determined by electronic means s only valid if
the dead time of the pulse amplifier and counter are significantly greater than the dead
time of the electron multipher or photon conversion system (e g Daley Detector) used
to detect the incoming ion For this reason it i1s recommended that the dead time
always be measured both electronically and by appropnate standards
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The electronic determination of the dead time may be accomplished in the fol-
lowing manner A high speed double pulse generator is attached to the input of the
pulse amplifier. The amplitude of the pulse 1s adjusted to match the mean amplitude of
the output of the 1on detector (electron muitipher or photon convertor) as previously
determined by a pulse height distnbution measurement The pulse width 1s adjusted ‘o
mimic the mean pulse width of the ion detector The count rate 1s adjusted to a level of
50,000 - 100,000 counts as registered on the counter in the system The double pulse
separation time 1s then vaned until the number of pulses 1s either halved or doubled
The pulse separation at which this transition occurs 1s the dead time of the pulse ampli-
fier-counter system under test For a properly functioning system this transition shouid
be quite sharp (less than 0.5 nanosecond) and reproducable when approached from
either direction

There are two methods in which i1sotopic standards may be utilized for the deter-
mination of system dead time. The CBNM 072 series of uranium standards provide a
very simple means of determining system dead time because in each standard the
235/238Y ratio is quite close to 1 In this condition the dead time correction for each
1sotope is identical and may be ignored This permits the use of the measured
235(J7238Y ratio for calculation of the 1sotopic fractionation correction factor by Equation
2

Equation 2
" Tl
where- Rms = measured 235238y
RCS = certified 235Uﬂ33U

Ru3 = measured 233y/238y
Rna = 233U/235U corrected for fractionation

In the CBNM 072 uranium reference matenal senes the 233U abundance 1s decreased
for each increase in standard designation The CBNM 072-4 AND CBNM 072-5 refer-
ence materials have certified 235U/238|) ratios of 0 29763 and 0 099313 respectively
These standards provide the most accurate measurement of dead time because they
provide a sufficiently large differential count rate between the 233U and the 238U peak
intensities while still providing an adequate 233U intensity for precise counting statistics
Table | provides an easily interpreted data presentation which demonstrates the rela-
tionships between count rate and dead time It may be seen that doubling either the
count rate or the dead time will lead to the same correction For example, the correc-
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tion for 200,000 cps at 10 nanoseconds is the same as the correction for 100,000 cps
at 20 nanoseconds. Also, If one measures one peak at 100,000 cps and a second
peak at 200,000 seconds, the net correction to the ratio 1s that calculated for a 100,000
cps peak The dead time correction is, therefore, a function of the differential count rate
between two peak intensities This forms the basis of the equation for calculating dead
time from measured data

Equation 3

where E, = error due to dead time
Rca = certified 233y/238Y
RN3 = 233U/238y corrected for fractionation (Equation 2)

Equation 4
Nm

1-0M

t=
Nm - RnaNm

where t = dead time correction
E, = error due to dead time (Equation 3)

Rz = 233U7238U corrected for fractionation (Equation 2)
N = 238U count rate when Ry3 1s measured

There I1s an alternate method of calculating dead time which does not require an exact
certified ratio. The method also provides a check against 1sotopic contamination of the
standard used in the method just described. In this second method it is necessary to
measure the same sample at high count rate (greater than 300,000 cps) and a low
count rate (~ 100,000 cps). Reference Matenal CBNM 072-3 provides the best ratio set
for this procedure because the 233U peak intensity is still high enough for precise mea-
surement at the 100,000 CPS 238U intensity

In this method the measured 235U/238)) ratio taken at 300,000 CPS I1s taken as
the true ratio for calculation of fractionation correction for the low intensity measure-
ment. It, therefore, becomes Rgj in Equation 2 Ry at high intensity becomes Rgj3 in

Equation 3 and Ry, 1s calculated for the low intensity measurement for use in both
Equation 3 and Equation 4

in Equation 4 the differential countrate ratio which 1s shown as NM - 4N3NM is not
used Instead the term NH - NM is substituted and Equation 4 1s written as Equation 5
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Equation 5
1-1
t= E,
Nu- N
where Ny = the mean count rate at which the 233U/238U ratio was taken
for the high intensity data set
and N_= the mean count rate at which the 233U/238U ratio was taken

for the law intensity data set

This method of calculating dead time has the advantage that it yields a correct dead
time value even if a contamination is present for one of the certified values It has the
disadvantage that small errors in measunng any of the four ratios will cause a larger
error in the measured dead time (1)

In practice the dead times measured electronically and by both of the ratio based meth-
ods should yield vaiues with £ 1 nanosecond if significant differences are observed, a

fault must be expected in either the detector, amplifier, counter system or in the punty of
the standards used These faults should be \dentified and corrected before proceeding

with other measurements.

i Table |
t 100,000CPS 200,000CPS 300,000CPS
1.0x 108 1.00102 1 00200 1 00301
1.1x 1038 1.00110 100220 1 00331
1.2x 108 1.00120 1 00240 1 00361
1.3x 108 100130 1 00260 1 00391
14x108 1.00140 100280 1 00422
1.5x108 1.00150 1 00300 1 00452
20x 1038 1.00200 1 00402 1 00603
3.0x108 1.00300 1 00603 1 00908
40x 1038 1.00400 1 00806 1.01215

B. ISOTOPE FRACTIONATION FACTOR

For any thermal ionization process there are physical processes which cause
isotopic fractionation to occur dunng ion formation. These processes can include (a)
small differences in isotopic evaporation ratios, (b) small differences in the dissociation
rates of molecular species, (c) small differences in migration rates through a semifluid
system (e g. platinum overplate or glass bead ) All of these processes tend to favor
preferential ionization of the hghtest mass early and the heavy mass late in the 1oniza-
tion process. All of these processes are aftected by heating rates, final filament temper-
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ature, sample composition in the region (both elemental punty and molecular species)
and gas composition in the region near the ionization surface Because these condi-
tions are difficult to reproduce it has been observed that the most accurate results are
achieved by analyzing Reference Matenals which have been subjected to at least the
final stage cleaning chemistry and analyzed independently by each analyst Thus frac-
tionation factors can be process, analyst, instrument and heating protocol specific

Fractonation corrections are determined by repeated analysis of RMs with well
certified ratios using controlled and repeatable sample mounting procedures, followed
by the use of well controlied instrumental pump down and filament heating protocols
Standards having the widest possible 1sotopic spread between the certified masses are
chosen. The ratio chosen should, if possible, be as close to 1 1 as can be obtained
Thus, a sample of 1 1 235 to 238y or a sample of 1 10 233U to 238U

For purposes of calculation, the measured ratio corrected for deadtime 1s divided
by the certified ratio  For simphicity the 233238 ratio 1s prefered to the 238/233 gince this
will yield a number greater than 1

7F5 = RM/RC where Ry -= measured 233U/238y
Rg = certified 233U/238
Fy = (RwRc-1)/5 (this assumes a linear mass dependence)

If one arbitranly assigns a value of 1.0000 to the lowest mass M, measured then
the fractionation correction for any other mass (Mx +Y) is

7F(X+Y)=(YX7F1) +1

In this formulation Y 1s equal to the integral mass difference between M, with 7F,
= 1 and the mass (X +Y) for which 7F(X +Y) is being calculated

All of the 7F, factors for a given operator, instrument and procedure combination

are stored in the fractionation factor file. Therefore, calculation of the corrected ion
beam intensity is simply:

7|TX = &l X 7Fx

Note: The fractionation factors for a given procedure must be re-evaluated
when a change is made in chemical separation, filament loading, or
filament heating parameters. Changes in vacuum quality within the 1on
source housing may also cause unacceptable alteration of the fraction-
ation correction.
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C. Quality Assurance Tests

The pnmary source of error for environmental measurements i1s uncontrolled contami-
nation from external sources A senes of tests are routinely performed to evaluate the
adequacy of the procedures to control the blank These tests are descnbed below

Spike Charactenzation

Isotopically pure spikes are a fundamental requirement both for blank evaluation and
determination of the total plutonium in the sample An appropnate dilution of each
spike is prepared by dilution in 2M HCI. The i1sotopic punty of the spike 1s determined
by repeated measurement of 1 nanogram quantities on the mass spectrometer For
this program the 239Pu/242Py and the 239Pu/244 Pu ratios of the spike are less than 1
ppm and the measurement must be performed on a two stage mass spectrometer
After the isotopic purity of the spike has been determined, the concentration of each
spike (in atoms/gram of solution) 1s determined from prepared mixes with solutions of
NBS 9497 metal. This standard 1s high punty metal certified for both elemental and iso-
topic content A mimimum of two weighed metal pieces Is dissolved and diluted gravi-
metncally to provide solutions of known concentrations At least two weighed mixes of
each spike and each aliquot of NBS 9491 are prepared for each calibration

Blank Evaluation

All reagents utilized for the preparation of spikes, for chemical separations and for sam-
ple mounting are prepared in quantities adequate for approximately 12 months of oper-
ation.. These master solutions are double bagged and stored in class 100 clean air con-
ditions. Small portions are transferred to small, clean, containers as working solutions
and for reagent charactenzation tests. Prior to imtiation of any analytical procedures
with a batch of new reagents, the reagents are tested for plutonium contamination by
spiking an appropriate quantity (approximately 10 times the quantity to be used in the
process) with a weighed quantity of spike. The solution is evaporated to dryness,
mounted by our standard procedure, and mass spectrometnically analyzed for isotopic
content. The quantity of any 1sotope in the test sample can be calculated by the follow-
ing isotope diluhon equations:

ATOMS OF XPug = XPuyy, SPum x Ns - XPug, SPug x Ng
Where XPug = atoms of isotope x in the blank

*PUmSPup = measured ratio of 1sotope x and s in the mix

XPugSPug = measured ratio of isotope x and s in spike

SPu = spike 1sotope either 242Py or 244py
Ng = atoms of spike isotope s added to the mix
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A continuing evaluation of the plutonium blank i1s conducted by performance of two
additional tests. These are the loading blank and the process blank

Loading Blank — The loading blank tests the quality of all reagents used to mount the
sample for mass spectrometric analysis One nanogram of 242Pu spike 1S electrode-
posited using our standard sample mounting procedure and analyzed mass spectro-
metncally. If reagent contamination is detected, the reagents are replaced and the
loading blank is repeated until reagent punty I1s restored

Process Blank — An aliquot of type 1 reagent grade water 1s spiked and processed
through the entire separation scheme in parallel with each sample batch The process
blank must be no more than 10% of the desired detection imit  If contamination of the
process blank is observed, the entire group of samples prepared with that blank must
be rejected and new aliquots reprocessed

D. Sample Mounting Procedure

The mounting of the previously punfied plutonium i1s accomplished by electrodeposition
of the plutomum with a small quantity of platinum A larger quantity of platinum is then
electrodeposited over the plutonium to provide a diffusion barner which dissociates plu-
tonium molecular species and provides high ionization efficiency

Reagents for the sample mounting procedure include

1 1 5 M HCI for dissolution of the purified sample
2 1 5 MNH,Cl butfered to pH 2 7

3 Platinum DNS This 1s a propnetary solution supplied by Johnson Mathey
Corporation The .01 g/mi platinum concentration in the solution i1s diluted to Smg/mi
with 1 5M HCI for this process

The pH adjustment of the NH4Cl 1s accomplished by bubbling pure ammonia through

1 5M HCl. The use of ammomum hydroxide is not recommended due to the presence
of traces of colloidal silica which significantly reduce electrodeposition efficiency

Detalled Sample Mounting Procedure

1. Assemble the electrodeposition apparatus
2. Pipette 100 ul of 1.5 M NH,Cl and 10 ul of 1 5M HCl into the 13 x 100 mm quartz

tube containing the punfied plutonium sample
Warm the solution under a heat lamp for 2 minutes
Transfer the solution to the filament on the electrodeposition apparatus

Electrolyze for 30 minutes at 3 V.
Reduce the plating voltage to 3V and add 5 ul of platinum DNS solution (25 ug of Pt)

o ;W
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1.

Electrolyze for 20 minutes at 3V

With the plating voltage at 3V nnse the electrolyte from the filament with deion-
1zed water.

Remove the filament from the plating apparatus and rinse thoroughly with delon-
1zed water and then with acetone that has been distilled in glass

Dry the filament at 350°C under a heatlamp (This will require a filament current
of 1.25 amps for S minutes )

Place the filament into the filament carner for insertion into the mass spectrome-
ter

E. Mass Spectrometric Analysis

The heating pattern for analys:s of plutonium has been expenmentally determined to
provide maximum stability and the most reproducible fractionation with a loading of 1

nanogram (~2 3 x 102 atoms) The heating pattern is shown in Table Il

Tablell —
Optimized Heating Pattern for Pu
Time (min) Filament Temp. C.*
0 1000
2 1100
4 1200
6 1300 Begin search
8 1350 Optimize ion source
10 1400 Tuning
12 1450 Stant base line
20 1450 acquisition on
30 1450 bases of interest
60 1450 Data acquisition

should be complete

*Filament temperatures measured by 2 color pyrometer

2.
3.

Baseline Measurement
Baselines are taken at half masses 238 5, 239 5 and 241 5

Data Acquisition

Collect at least 4 sets of ratios for 239Pu/242py

Take baselines at 239.5, 240.5 and 241 5

Collect at least 4 sets of ratios for 240Pu/242/py

The mass spectrometer computer readout will provide the mean 239Py/242py
and 240pPy/242py ratios corrected for dead time and fractionation
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6. Calculate total atoms of spike added from equation 6
7. Calculate the total atoms of 239Pu and 242Py from equations 7 and 8
8 Calculate concentration of 239Pu and 240Py using equation 9

9 Calculate pCi 23%Pu from equation 10
10 Calculate pCi 240Py from equation 11.

Equation 6
Ns = WTX X CS

Equation 7

N23g = (Rgm X Ng) - (Rgg X NS)

Equation 8

N240 = (Ram X Ng) - Rgg x Ng)

Equation 9:

Cx = Nx/Sample wt.

Equation 10:
pCi/g 239Pu = C/4 0606 x 1010
Equation 11:

pCi/g 240Py = Co/1 1048 x 1010

where

where

where

where
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N2go =
Rgm =

Ras =

Number of atoms of the spike

iIsotope added to the sample
Wt of spike solution added

Atoms of spike i1sotope per
gram of spike solution

Atoms of 239Pu in sample

Measured 239Py/242py
In mix
239py/242pPy 1n spike

Atoms of 240Py in sample

Measured 240py/242py
In mix
240py/242Py in spike

Concentration of isotope x
Atoms of 1Isotope x in sample
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Appendix 7

Mass Spectromemc Measurements of Plutonium

DATE TASK # P RF SAMPLE TEST (| MEASURED | COMMENT
SAMPLED (o] SAMPLE # SIZE SAMPLE VALUE

N COLLECTED SIZE Pu pCvL

D LITERS {Liters)

{08-28-91 |A423 C2__|SW60152WC | 95 2 00436 monthly
09-09-91 A423 c2 SW60159WC 85 2 0 0396 monthly
10-14-91 A423 C2 SW60163WC 95 2 00475 monthly
11-11-91 Ad23 C2 SW60169WC 95 2 0 0304 monthly

(121291 _|A423 C2__| SWED18SWC | 95 2 00209 monthly
12-13-91 3411 c2 SW60130WC 95 2 00196 *
01-16-92 |A423 C2_ | SWe0200WC | 95 2 00126 monthly

P9_2;1 8-92 A4a23 c2 SW80213WC 38 2 0 0202 monthly
031892 |A423 C2__ | SWB0220WC | 38 2 00433 monthly
04-20-92 Ad423 C2 SW60224WC 38 2 0 0510 monthly
05-13-92 1A423 c2 SW60232WC 38 2 0 0966 monthly
06-16-92 A423 C2 | SW60236WC 38 2 0 0623 monthly
07-22-92 A423 C2 SW6E0246WC 38 2 0 0799 monthly
08-11-92 A423 C2 SW60249WC 38 2 00342 monthly
09-14-92 (A423 Cc2 SW60265WC 38 2 0 0684 monthly

These are the plutomium results for the monthly sampling of pond C2

* Special Analyses of C Pond Water for Polzer and Essington Study
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Mass Spectrometric Measurements of Plutonium

Appendix 7

DATE TASK # POND RF SAMPLE TEST | MEASURED | COMMENT
SAMPLED SAMPLE # | SIZE SAMPLE | VALUE
COLLECTED| SIZE | Pu pCuL
LITERS (L1ers)
08.27-91_|A423 STPEFF___| SWE0155WC | 95 2 00013 monthly
09-09-91_ [A423 STPEFF__| SW60162WC | 95 2 00007 monthly
101501 _|A423 STPEFF___| SW60166WC | 95 2 0 0027 monthly
111191 _|A423 STPEFF___| SW60170WC | 95 2 00008 monthly
[12:17-91__|A423 STPEFF__| SW60196WC | 95 2 00015 monthly
010692 |A423 STPEFF__ | SWE0199WC | 95 2 00036 monthly
02-26-92 |A423 STPEFF__| SW60206WC | 38 2 00013 monthly
032592 |A423 STP EFF__| SWE0221WC | 38 2 00025 monthly
042192 |A423 STPEFF___| SWB0225WC | 38 2 00005 monthly
0513-02 [A423 STPEFF___ | SW60233WC | 38 2 “LIA monthly
051392 |A423 STPEFF___| SW60233WC | 38 2 00018 | monthly
(062502 [A423 STPEFF__ | SWB0237WC | 38 2 00035 monthly
072292 |A423 STPEFF___ | SWB0247WC | 38 2 00027 monthly
0812-92 1 A423 STPEFF__ | SW60259WC | 38 2 00012 monthly
00-14-92 |A423 STP EFF___| SW60263WC | 38 2 00011 monthly

These are the plutonium results for the monthly sampling of the effluent from the water
treatment plant

* LIA = Sample lost in analyses

** This sample was traced with 243Am The plutomum value reported has been

corrected for the 239
product of 243Am
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Appendin 7

Mass Spectromemic Measurements of Plutonium

DATE TASK # P RF SAMPLE TEST MEASURED | COMMENT
SAMPLED (o] SAMPLE # SIZE SAMPLE VALUE

N COLLECTED SIZE | Pu pCuL

D LITERS (Liters)

[08-27-91_|A423 A4 | SW60154WC | 95 2 00024 monthly
09-19-91 A423 A4 SW60161WC | 95 2 00011 monthly
10-15-91 Ad423 A4 SW60165WC 95 2 00012 monthly
11-11-91 A 423 A4 SW6E0167WC 95 2 0 0041 monthly

| 12-17-91 Ad423 Ad SW60195WC | 95 2 0 0009 monthly
01-08-92 |A423 Ad SW60201WC | 95 2 0 0023 monthly
02-20-92 1A423 Ad SW60212WC { 38 2 00016 monthly
Q03-1 7-9_2L A4 23 Ad SWGOgL?WC 38 2 00199 monthly
04-20-92 {A423 Ad SWe0222WC | 38 2 0 0029 monthly
05-13-92 1A423 Ad SW60230WC | 38 2 0 0041 monthly
06-16-92 A423 Ad SW60234WC 38 2 0 0059 monthly

1072292 |A423 Ad SW60244WC | 38 2 0 0026 monthly
08-11-92 1A423 A4 SW60250WC | 38 2 0 0025 monthly
09-15-92 [A423 A4 SW60264WC | 38 2 0 0022 monthly

These are the plutonium results for the monthly sampling of pond A4
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Appendin 7
[ Mass Spectrometnic Measurements of Plutonium
DATE TASK # P RF SAMPLE TEST | MEASURED | COMMENT
SAMPLED O |SAMPLE# SIZE SAMPLE | VALUE
N COLLECTED| SIZE | PupCil
D LITERS (Liers)
08-27-91 |A423 _B5 | SW60153WC | 95 2 0 0053 monthly
09-09-91 [A423 | B5 [SW6E0160WC | 95 2 0 0026 monthly
10-14-91 | A423 _B5 | SW60164WC | 95 2 0 0032 monthly
\ 11-11-91 _|A423 B5 | SW60168WC | 95 2 0 0055 monthly
[12-17-91 | A423 B5 | SW60197WC | 95 2 0 0038 monthly
01-06-92 {A423 BS | SW60198WC | 95 2 0 0082 monthly
02-20-92 1A423 BS__|Swep218wC | 38 2 0 0067 monthly
03-18-92 [A423 B5 | SWe0219WC | 38 2 00243 monthly
04-20-92 [A423 85 [ sSweo223wC | 38 2 0 0036 monthly
05-13-92 [A423 8B5S | SW60231WC | 38 2 00040 monthly
06-16-92 |A423 B5 | SW60235WC | 38 2 00077 monthly
06-16-92 |A423 BS | SWB0235WC-R 38 2 00100 monthly
07-22-92 {A423 _BS | swe0245WC | 38 2 00022 monthly
{08-12-92 [A423 _B5 | SW60254WC | 38 2 00053 maonthly
09-14-92 [A423 B5 | SW60266WC | 38 2 0 0046 monthly

These are the plutonium results for the monthly sampling of pond B5

L A
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Appendix 7

-

Mass Spectrometnc Measurements of Plutonium

DATE TASK # P RF SAMPLE TEST | MEASURED | COMMENT
SAMPLED o] SAMPLE # SIZE SAMPLE VALUE
N COLLECTED SIZE Pu pCuL
D _LITERS (Liters)

02-03-92 | A425 C2 | SW70245WC | 85 2 00095 Fiter Sample
102-03-92_1A425 C2 | SW70246WC | 95 2 00103 Filter Sample
| 02-03-92 1A425 Cc2 SW70249WC | 95 2 00076 Filter Sample
02-03-92 |1 A425 C2 | SW70251WC | 95§ 2 00116 Fiter Sample
[ 02-03-92 _|A425 C2 | Sw70252WC | 95 2 0 0050 Filter Sample

02-03-92 |A425 C2 SW70244WC | 95 2 00135 Filter Sample
[02.03-92 [A425 C2__ | SW70248WC | 95 2 00110 Filter Sample

These were a senes of special samples that were filtered at RFP as part of their
remediation studies The plutonium concentrations reported above are the
concentrations in the water after fitration
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Appendix 7

Mass Spectromemmnc Measurements of Plutontum

SEPARATION | TASK# | P RF TEST | MEASURED | MEASURED | COMMENT
TIME O |SAMPLE# |SAMPLE | VALUE® VALUE®

N SIZE 239y 244py,

D (Lters) | ATOMSL | ATOMSL
01-07-92 Ad431 | C2 |[Sweoi7ewc |2 135x 10%+7 [ 217 x 10+7 | STABILITY STUOY
01-24-92 A431 | C2 |sweoi7ewC |2 130X 10+3 | 197 X 10+Y | STABWLITY STuDY
03-31-92 A431 ] C2 |sweoizowe |2 123X 10*9 [203X 10+7 | STABILITY STUDY
01-07-92 A431 | C2 |SWe018OWC |2 178 X 10%Y | 212 X 10+ | STABUTY STUDY
01-24-92 A431 ]| C2 |SWe0180WC [2 142X 109 233 X 10+7 [ sTABLITY STuDY
03-31-92 A431 | C2 |Swe0180WC [2 136 X 10*+9 |2 16 X 10+ | STABIL.TY STWOY
01-07-92  |A431 | C2 |Sweoi81wC |2 132x10*9 [ 202 x10%7 | STABLITY STUDY
01-24-92 A431 ] C2 |Sws0181WC |2 123x10%9 207 x 10%7 | STABLITY STUDY
03-31-92  [A431 | C2 |SWB01BIWC |2 157x10*9 [219x10*7 | sTAawvsTuoy

These samples of Pond C2 water were traced with 244Pu to study long-term stability of

samples in storage Plutonium values are reported in atoms instead of pCv/L
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Mass Spectrometric Measurements of Plutonium

Appendix 7

DATE TASK # P SAMPLE | MEASURED | COMMENT
SAMPLED ID # SIZE VALUE
{Liters) | Pu pCul
08-27-91 1A423 PB10401 12 0004 Process Blank
09-10-91 [A423 PB10402 |2 0005 Process Blank
10-11-91  |A423 PB 2 0003 Process Blank
11-11-91 1 A423 PB10403 |2 0001 Process Blank
12-19-91 | A423 PB 2 0004 Process Blank
01-21-92 [A423 PB10405 |2 0005 Process Blank
 02-06-92_ 1A423 PB10406 12 0004 Process Blank
02-26-92 {A423 PB10602 |2 < 0001 Process Blank
03-12-92 |A423 PB10409 |2 0008 Process Blank
03-26-92 1A423 PB10411 |2 0001 Process Biank
04-12.92 1A423 P8 2 0010 Process Blank
04-27-92 1A423 PB10604 |2 0002 Process Blank
04-27.92 1A423 PB10413 | 2 0002 Process Blank
06-25-92 [ A423 PB10418 {2 0007 Process Blank
073192 |A423 PB10420 |2 0002 Process Blank
10-02-891 (A423 LB N/A < 0001 Loading Blank
11-08-91 1A423 LB NA < 0001 Loading Blank
12-10-91 1 A423 LB N/A <0001 Loading Blank
01-09-92 (A423 LB N/A < 0001 Loading Blank
01-14-92 {A443 LB N/A < 0001 Loading Blank

These are the results for the TIMS loading biank and the reagent
blanks that were run concurrently with the monthly pond water samples
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Appendix 7

Mass Spectrometnc Measurements of Plutonium

DATE TASK # LANL TEST | MEASURED
SAMPLED SAMPLE # SAMPLE VALUE
SIZE &C: Pu/g of
(Ltters) Am tracer”
06-23-92 Ad42 24N 0 001 0 0040
06-23-92 A442 2432 0 005 0 0027
06-23-92 A442 12433 0010 0 0027

These samples are aliquots of the 243Am tracer that were analyzed to determine the
39Pu concentration in the 243Am tracer that was prepared for use as an isotope

dilution tracer for determinimg the amencium content of the ponds at RFP The values

reported 1n this table are the concentrations of plutonium in the amencium tracer
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Mass Spectrometric Measurements of Plutonium

Appendin 7

DATE TASK # POND RF SAMPLE| TEST | MEASURED COMMENT
SAMPLED F ] SAMPLE VALUE
SIZE Pu pCi Pu/L*
(Lters)

04-20-92 |A442 Ad SW60222WC | 2 0 0050

04-20-92 'A442 B85 SW6E0223WC 12 0 0057

04-20-92 1A442 C2 SW60224WC | 2 0 0521

04-20-92 [ A442 STPEFF SW60225WC 2 0 0060

06-0592 |A442 N/A NA 2 _ 00037 P-ocess Biank
05-13-92 |A442 _BS SW6E0231WC 12 00084

05-13-92 1Ad442 C2 SWe0232WC | 2 01010

05-13-92 (A442 STPEFF SW60233WC {2 0 0045

06-10-92 |A442 N/A N/A 2 0 0041 P-ocess Biank

* These samples were traced with 243Am The plutonium values represent the onginal
plutonium content of the sample plus the plutonium content of the 243Am tracer These
samples were analyzed as part of the development project designed to decrease the

time required to obtain amencium analyses
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Appendix 7

Mass Spectromemc Measurements of Plutonium

DATE TASK # P LANL. TEST | MEASURED | COMMENT
SAMPLED o SAMPLE # SAMPLE VALUE

N SIZE (Pu pCui”

D (Lters)

12-13-91 A4 31 C2 | RC2-1R450 10 45 00707 Analy2ed for Task B
[ 12-13-91 Ad 31 C2 RC2-1 R2 832 00202 Analyzed for Task B
| 12-13-91 Ad 31 C2 (BL-5F2-1 11 90 51E.5 Analyzed for Tasx B

12-13-91 Ad31 C2 ([BL-5F10 11 90 S 6E-5 Analyzed for Task 8
[12:13-91_ | A431 C2_ |BL5R450_ 1074 | 00004 Analyzed for Task B
 12-13-91 A4 31 C2 RC2-2 F2-3 10 87 00032 Analyzed for Task B

12-13-91 Ad31 C2 RC2-2 R2 858 00111 Anaiyzed for Task B
| 12-13-91 Ad 31 C2 | RC2-1CW 6 38 00020 Analyzed for Task B

12-13-91 Ad431 c2 RC2-1 F2-10 10 61 0 0043 Analyzed for Task B

12-13-91 Ad431 NA 33 1113 0 0001™" Anajyzed for Task B

SW60194WC-1
12-13-91 [ A431 €2 [RC2-1F2-2 10 49 0 0037 Analyzed for Task B
| 12-13-91 A4 31 C2 | RC2-4F10 849 00179 Analyzed for Task B
 12-13-91 A4 31 C2_ [ RC2-1 F10™* N/A Analyzed for Task B
| 12-13-91 Ad431 C2 RC2-1 F2-3°** N/A Analyzed for Task B

12-13-91 A4 31 c2 BL-5 F2-3 1121 53E-5 Analyzed for Task B
 12-13-91 Ad431 C2 BL-5 F2-9 10 90 24E-5 Analyzed for Task 8

12-13-91 A4 31 C2 BL-5R2 14 48 00002 Analyzed for Task 8

+BLS 2BW&FW

121391 [ A431 C2 |RC2-2R450 |13 4 01270 Analyzed for Task B

+RC2-
2 R4SOFW

These samples were analyzed in support of Task B

* Samples have been through treatment for Polzer and Essington's speciation studies
The pCy/L values reported in this table are the amount of activity detected in the treated
waters which have been concentrated The values are not the onginal plutonium
contents of the pond C2 water samples

** This sample was a field blank consisting of deionized water It was processed in the
field using the same techniques used to coliect the water sampies analyzedin the
speciation study.

"*Sample RC2-1.F10 was lost in analyses It was replaced by sample RC2-4 F10

**** Sample RC2-1.F2-3 was lost in analyses It was replaced by sample RC2-1 F2-2
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Mass Specromemc Measurements of Plutonium

Appendix 7

DATE TASK # LANL SAMPLE TEST | MEASURED | COMMENT
SAMPLED SAMPLE # SIZE SAMPLE VALUE

COLLECTED| SIZE Pu pCuL®

LITERS {Lrers)
02-26-92 1 A431 RB10602 800 900 000003 Analyzec for Tasx B
03-18-92 1A431 RB10603 900 800 000002 Analyzed for Task B
04-27-92 [ A431 RB10604 900 900 00002 Analyzed for Task B

These samples were analyzed in support of Task B

® These are 9L deionized water samples that were run as processing blanks for the

Polzer and Essington speciation studies
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Appendix 7

Mass Spectrometnic Measurements of Plutonium

DATE TASK # P LANL TEST {MEASURED | COMMENT
SAMPLED o SAMPLE # SAMPLE VALUE

N SIZE Pu pCr

D (Lnters)
01-21-92 [A431 C2 [ RC2-1R10 N/A 02060 Analyzea for Task B
01-21-92 1A431. Cc2 ! RC2-2R10 N/A 00714 Analyzed for Task B
01-21-92 [A431 974 BL-S R10 N/A 00016 Analyzed for Task B

These samples were analyzed in support of Task B

*These samples were filters submitted by Polzer and Essington The activity reported

above is the total amount of plutonium detected on the filter
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Appendin 7

Mass Spectrometnic Measurements of Plutonium

DATE TASK # P RF SAMPLE Pl TEST | MEASURED
SAMPLED O |SAMPLE # SIZE 1D # |SAMPLE | VALUE
N COLLECTED SIZE | PupCil
D LITERS (Lrters)
(121391 432 C2 | SW601193WC | 227 2310 005 1923
[12-1391 432 C2 | SW601193WC| 227 3311 005 30171
[12-13:01_T432 C2_ | SW601193WC | 227 3312 005 32115
(121391 (432 C2_ | SWe01193WC | 227 2291 007 07516
(121391432 C2 | SW601193WC | 227 3-294 05 00179
[12113-91_|432 C2_ | SWE01193WC | 227 2301 01 29858
(121391 {432 C2__ | SW601193WC | 227 3-204 05 09039
121391432 C2__| SW601193WC | 227 2303 01 10642
[12:13-91_|432 C2__| SW601193WC | 227 3-206 05 02170
12:13-91_ 432 C2__ | SWE01193WC | 227 2313 005 994 9
[12-13-91__[432 C2__| SW601193WC | 227 3314 005 548 4
(121391432 C2__| SW601193WC | 227 3315A | 005 336 9
(121391 [432 C2 | SW601193WC| 227 33158 | 005 1214
[12:13:91_ 432 C2_ | SW601193WC | 227 2293 007 0 3390

These samples were traced with plutonium and processed in supporn of Task C

The plutonium concentrations reported in this table are the amounts of plutonium

remaining after treatment They are not the amounts of plutonium onginally in the C2
pond water samples
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Appendix 7

Mass Spectrometnc Measurements of Plutonium

DATE TASK # p RF SAMPLE P TEST | MEASURED
SAMPLED o SAMPLE » SIZE iD # SAMPLE VALUE
N COLLECTED SIZE | PupCul
D LITERS {Liters)
12:1391 (432 C2 | Swe01193WC | 227 3-296 05 00120
3-1 3-91 432 C2 SWe01193wWC | 227 RB10409 110 0 0005
| 12-13-91 432 C2 SW601193WC | 227 2-320-2 10 00122
12-13-01 1432 C2_ | SW601193WC | 227 2-320-1 10 00158
[12:13.91__[432 C2 [ SwWe01193WC | 227 33202 |10 00093
12-13-91 _[432 C2 | swe01193WC | 227 4320-2 {10 00334
[12.13.91__[432 C2__|sweo1193wC | 227 63202 [10 00451
1213911432 C2 | SW601193WC | 227 3-320-1__|10 00035
| 12-13-91 432 C2 [ SWe01193wC | 227 4-320-1 10 00114
[12-13-91 [432 C2 | Swe01193WC | 227 63201 |10 00137
12-13-01 1432 c2 | SWe01193WC | 227 7-320-1 {10 00101
12-13-91 {432 C2 | SWE01193WC | 227 1-320 10 00474
[12:13:01 1432 C2 | SW601193WC | 227 23212 (10 00126
[12-13-91 (432 C2__| SW601193WC | 227 23211110 00316
12-13-91 432 Cc2 SWE01193WC | 227 3-321-2 10 00181

These samples were traced with plutonium and processed in support of Task C

The plutomum concentrations reported in this table are the amounts of plutonium

remaining after treatment They are not the amounts of plutonium onginally in the C2

pond water samples
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Appendix 7

Mass Spectrometric Measurements of Plutomium

DATE TASK # P RF SAMPLE P TEST | MEASURED
SAMPLED (o) SAMPLE # SIZE ID # |SAMPLE | VALUE
N COLLECTED SIZE | PupCvL
D LITERS (Liters)
[12.13-91_[432 C2 | Swe01193wC | 227 4321210 00090
12-13-81 1432 C2 | SwWe01193WC | 227 6-321-2 10 00188
1121391 |432 C2 | SWe01193WC | 227 33211 |10 0 0206
(121391 |432 C2 _|SWeo01193wC | 227 43211 [10 0 0040
[12-13-91 1432 C2 | SW601193WC | 227 6-321-1__[10 00474
[12.13-91 | 432 C2 | Sweo1193wC | 227 7-321-1__[10 00371
| 12-13-91 432 c2 Sweo1193wC | 227 1-321 10 0 0086
12-13-91 432 c2 SWE01193WC | 227 7-320-2 10 00176
| 12-13-91 432 N/A SW601193WC | 227 RB10414 110 0 0001
[ 12-13-91 [432 N/A SW601193WC | 227 RB10415 |10 00002

*These samples were traced with plutonium and processed in support of Task C
The plutonium concentrations reported in this table are the amounts of plutonium

remaining after treatment They are not the amounts of plutonium onginally in the C2
pond water samples
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Appendix 7

Mass Spectrometric Measurements of Plutonium

DATE TASK # P RF SAMPLE Pl TEST | MEASURED
SAMPLED (o) SAMPLE # SIZE 1D # SAMPLE VALUE
N COLLECTED SIZE Pu pCvL
D_ LITERS (Lters)
12-13-91 432 Cc2 SW601193WC | 227 2-345 297 01784
12-13-91 432 c2 SWE01193WC | 227 2-349 511 03004
12-13-91 432 Cc2 SW601193WC | 227 3-346 288 01244
12-13-91 432 Cc2 SWB01193WC | 227 3-347 296 0 0081
121391 |432 C2 | SW601193WC | 227 3-348 296 00467

*These samples were traced with plutonium and processed in support of Task C
The plutonium concentrations reported in this table are the amounts of plutonium

remaining after treatment They are not the amounts of plutonium onginally in the C2
pond water samples.
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Appendin 7

Mass Spectrometnc Measurements of Plutonium

DATE TASK # P RF SAMPLE TEST |MEASURED | Pu
SAMPLED O |SAMPLE# SIZE SAMPLE | VALUE Am
N COLLECTED| SIZE |PupCul u
D_ LITERS (Lners)
08-1392 1432 C2__ | SWB0262WC1]| 95 20 00519 Py
08-13-92 432 C2 | SW60261WC2| 95 20 00405 Py
08-13-92 1432 C2 | SWB0261WC1] 95 20 00502 Pu
081392 (432 C2__| SWE0260WC2| 95 20 00358 Py
08-13.92 (432 C2 | SWB0260WC1| 95 20 00549 Pu
08-13-92_ |432 C2 | swe0262wC2] 95 20 00539 Pu

These samples were analyzed as part of a depth profile study of Pond C-2 The 1
affixed to the R F. Sample # denotes the first aliquot analyzed, the 2 affixed to the R
F Sample # denotes the second alquot analyzed The Pu pCi/L values are the values
observed in aliquots of three water samples collected from pond C2 on August 13,
1992
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Sample Number Pond Date Collected

SW60171WC
SW60171WC
SW60171WC
SW60214WC
SW60214WC
SW60226WC
SW60226WC
SW60253WC
SW60253WC
SW60172wWC
SW60172WC
SW60172WC
SW60215WC
SW60215WC
SW60227WC
SW60227TWC
SW60234WC
SW60234WC
SW60252wWC
SW60252WC
SW60173WC
SW60173WC
SW60173WC
SW60216WC
SW60216WC
SW60228WC
SWe60228WC
SW60251WC
SW60251WC
SW60161WC
SW60161WC
SW60161WC
SW60165WC
SW60165WC
SW60165WC
SW60167WC

Al
Al
Al
Al
Al
Al
Al
Al
Al
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A3
A3
A3
A3
A3
A3
A3
A3
A3
A4
A4
A4
A4
A4
A4
A4

Appendix 8

Alpha Spectroscopy Results

11/14/91
11/1491
11/1491
2/20/92
2/20/92
5/11/92
5/11/92
8/11/92
8/11/92
11/14/91
11/14/91
11/14/91
2/20/92
2/20/92
5/11/92
5/11/92
6/16/92
6/16/92
8/11/92
8/1192
11/14/91
11/1491
11/14/91
2/20/92
2/20/92
5/11)92
5/11/92
8/11/92
8/11/92
9/10M91
9/1091
9/10/91
10/15/91
10/15M91
10/1591
11/1191

Isotope

Amerncium-241
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutommum-239
Plutonium-238
Plutonium-239
Amencium-241
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Amencium-241]
Plutomum-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutomum-239
Amencium-241]
Plutomum-238
Plutonium-239
Amencium-24]
Plutonium -239
Plutonium-238
Americium-241
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Alpha Results Analytical Uncertainty

PCYL

0027
0003
0058
0015
0271
0009
0016
0001
0010
0017
0006
0029
0012
0041
0 000
0 005
0001
0002
0011
0 009
0 008
0001
0009
0026
0 005
0 006
0010
0016
0013
0 001
0 005
0042
0009
0003
0 000
0007

(pCVL)

0003
0 002
0007
0005
0 004
0 006
0009
0004
0003
0 005
0003
0003
0 006
0 008
0002
0003
0001
0003
0002
0008
0004
0 006
0006
0003
0021
0003
0003
0003
0003
0 006
0 003
0003
0003
0 002
0012
0 005



Sample Number

SW60167WC
SW60167WC
SW60195WC
SW60195WC
SW60212wC
SW60212WC
SW60207WC
SW60207WC
SW60222WC
SW60222WC
SW60230WC
SW60230WC
SW60244WC
SW60244WC
SW60250WC
SW60250WC
SW60154WC
SW60154WC
SW60154WC
SW60174WC
SW60174WC
SW60174WC
SW60208WC
SW60208WC
SW60229WC
SW60229WC
SW60229WC
SW60229WC
SW60258WC
SW60258WC
SW60175WC
SW60175WC
SW60175WC
SW60209WC
SW60200WC
SW60238WC

Pond Date Collected

A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
Ad
A4
A4
A4
A4
A4
A4
A4
A4
Bl
Bl
B1
Bl
Bl
Bl
B1
Bl
Bl
Bl
Bl
B2
B2
B2
B2
B2
B2

Appendix 8

Alpha Spectroscopy Results

11/1191
11/1191
12/17/91
12/17/91
2/20/92
2/20/92
3/171/92
3/17/92
4/20/92
4/20/92
5/13/92
5/13/92
7/22/92
7/22/92
8/11/92
8/11/92
8/27/92
8/27/92
8/271/92
11/14/91
11/14/91
11/14/91
2/18/92
2/18/92
5/11/92
5/11/92
5/11/92
5/11/92
8/12/92
8/12/92
11/1491
11/1491
11/1491
2/18/92
2/18/92
5/14/92

Isotope

Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Amencium-24]
Amencium-241]
Plutonium-238
Americium-241
Plutonium-238
Plutonium-239
Plutomium-238
Plutomium-239
Plutonium-238
Plutomum-238
Plutomum-239
Plutonium-239
Plutonium-238
Plutonium-239
Amencium-241
Plutomum-238
Plutonium-239
Plutomum-238
Plutonium-239
Plutonium-238
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Alpha Results Analytical Uncertainty
(pCVL)

(PCH/L

0003
0001
0003
0004
0007
0001
0001
0009
0000
0003
0001
0002
0 005
0004
0000
0004
0002
0002
0012
0115
0019
0218
0007
0292
0001
0002
0039
0044
0010
0028
0 145
0 006
0476
0016
0196
0003

0 005
0 005
0003
0003
0 007
0 004
0 006
0 007
0004
0 005
0 005
0004
0003
0003
0 005
0004
0 005
0004
0004
0004
0 004
0004
0003
0005
0007
0 002
0 005
0013
0003
0003
0004
0004
0003
0003
0 002
0 005




Sample Number Pond Date Collected

SW60238WC
SW60257TWC
SW60257TWC
SW60176WC
SW60176WC
SW60176WC
SW60210WC
SW60210WC
SW60239WC
SW60239WC
SW60177WC
SW60177WC
SWe0177WC
SW60211WC
SW60211WC
SW60240WC
SW60240WC
SW60153WC
SW60153WC
SW60153WC
SW60160WC
SW60160WC
SW60160WC
SW60164WC
SW60164WC
SW60164WC
SW60168WC
SW60168WC
SW6e0168WC
SW60197WC
SW60197WC
SW60198WC
SW60198WC
SW60218WC
SW60218WC
SW60219WC

B2
B2
B2
B3
B3
B3
B3
B3
B3
B3
B4
B4

B4
B4
B4
B4

B4
B5
BS
B5
B5
B5
BS
BS
B5
BS
BS
BS
BS
BS
B3
B5
B5
BS
BS
BS

Appendix 8

Alpha Spectroscopy Results

5/14/92
8/12/92
8/12/92
11/14/91
11/14/91
11/14/91
2/18/92
2/18/92
5/14/92
5/14/92
11/14/91
11/14/91
11/1491
2/18/92
2/18/92
5/14/92
5/14/92
8/27/91
8/2791
872791
9/9/91
9/9/91
9991
10/14/91
10/14/91
10/14/91
11/1191
11/1191
11/11/91
12/18/91
12/1891
1/6/92
1/6/92
2/20/92
2/20/92
3/18/92

Isotope

Plutonium-239
Plutonmum-238
Plutonium-239
Amencium-241
Plutomum-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutomum-238
Plutonium-239
Amencium-241
Plutonium-238
Plutonmium-239
Plutomum-238
Plutonium-239
Plutonium-238
Plutonium-239
Amencium-241
Amencium-241
Plutonium-238
Americium-241
Amencium-241
Plutonium-238
Amencium-241
Plutonium -239
Plutomum-238
Amencium-24]
Plutonium-238
Plutonium-239
Plutonium-238
Plutomum-239
Plutonium-238
Plutonium-239
Plutomum-238
Plutomum-239
Plutonium-238
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Alpha Results Analyucal Uncertainty

(eCI/L

0031
0002
0009
0017
0004
0061
0012
0286
0011
0035
0014
0032
0042
0 006
0032
0002
0017
0005
0009
0014
0004
0004
0021
0003
0 005
0001
0010
0001
0003
0.004
0 006
0002
0001
0002
0016
0004

(pCyL)

0 005
0002
0005
0 006
0 003
0009
0 004
0003
0007
0 008
0004
0003
0011
0004
0009
0 006
0004
0012
0002
0 005
0 004
0003
0004
0003
0007
0008
0 004
0 002
0 002
0002
0032
0007
0003
0005
0003
0003
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Sample Number Pond Date Collected

SW60219WC
SW60223WC
SW60223WC
SW60231WC
SW60231WC
SW60235WC
SW60235WC
SW60245WC
SW60245WC
SW60254WC
SW60254WC
SW60178WC
SW60178WC
SW60178WC
SW60217TWC
SW60217WC
SW60241WC
SW60241WC
SW60248WC
SW60248WC
SW60152WC
SW60159WC
SW60159WC
SW60159WC
SW60159WC
SW60159WC
SW60163WC
SW60163WC
SW60163WC
SW60169WC
SW60169WC
SW60169WC
SW60189WC
SWe60189WC
SW60200WC
SW60200WC

BS
BS
BS
B5
BS
BS
BS
BS
BS
BS
BS
C1
Cl
Ci1

BeRRRBRRRAARABAATAG

Alpha Results Analyucal Uncertainty

Appendix 8
Alpha Spectroscopy Results
Isotope

(eCY/L)

3/18/92  Plutomum-239 0031
42092  Plutomium-238 0010
4/20/92  Plutonmum-239 0 005
5/13/92  Plutonium-238 0 000
5/1392  Plutomum-239 0 006
6/16/92  Plutonium-238 0002
6/16/92  Plutonium-239 0 008
7/22/92  Plutonium-238 0 007
7/22/92  Plutomum-239 0 007
8/12/92  Plutonium-238 0001
8/12/92  Plutonium-239 0 006
11/1481 Amencium-241 0 007
11/1491 Plutomum-238 0001
11/14/91 Plutomum-239 0005
2/20/92  Plutomum-238 0004
2/20/92  Plutonium-239 0 004
5/14/92  Plutonium-238 0 000
5/14092  Plutomum-239 0 005
8/11/92  Plutomum-238 0 001
8/1192  Plutonium-239 0019
8/28/91  Plutommum-239 0 066
9/9/91  Amencium-24] 0 009
9/9/91  Amencium-241 0014
9/9/91 Plutonium-238 0001
9/9/91  Plutomium-238 0030
9/9/91 Plutonium-239 0055
10/1491 Amencium-241 0015
10/1491 Plutonium -239 0044
10/14/91  Plutomum-238 0001
11/1191 Amencium-241 0 009
11/1191  Plutonium-238 0 000
11/1191 Plutonium-239 0045
12/1291 Plutonium-238 0003
12/1291  Plutonium-239 0084
1/6/92  Plutomum-238 0 005
1/6/92 Plutonium-239 0014
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(pCVL)

0005
0006
0025
0003
0020
0 006
0024
0002
0011
0003
0 006
0005
0004
0007
0002
0003
0003
0007
0003
0003
0002
0003
0 005
0003
0004
0013
0007
0004
0002
0004
0003
0010
0006
0003
0004
0 005
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Sample Number Pond Date Collected

SWe0213WC
SW60213WC
SW60224WC
SW60224WC
SWe60232wC
SW60232wC
SW60236WC
SW60236WC
SW60246WC
SW60246WC
SW60249WC
SW60249WC
SW60152wWC
SW60152wC
SW60152WC
SW60152WC
SW60162WC
SW60162WC
SW60162WC
SW60166WC
SW60166WC
SW60166WC
SW60170WC
SW60170WC
SW60170WC
SW60196WC
SW60196WC
SW60199WC
SW60199WC
SW60206WC
SW60206WC
SW60221wWC
SW60221WC
SW60225wWC
SW60225WC
SW60233WC

geRRRR2BITIBRIILABA

STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF

Appendix 8

Alpha Spectroscopy Results

2/19/92
2/19/92
4/20/92
4/20/92
5/13/92
5/13/92
6/16/92
6/16/92
7122/92
722192
8/11/92
8/11/92
8/28/92
8/28/92
8/28/92
8/28/92
9/13/91
9/13/91
9/1391
10/15M91
10/15/91
10/1591
1171191
11/1191
11/1181
12/1791
12/1781
1/6/92
1/6/92
2/26/92
2/26/92
3/25/92
372592
4/21/92
42192
5/13/92

Isotope

Plutonium-238
Plutonium-239
Plutomum-238
Plutonium-239
Plutomum-238
Plutonium-239
Plutonium-238
Plutomum-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Amencium-241
Amencium-241
Plutomum-238
Plutonium-238
Amenicium-241
Amencium-241
Plutonium-238
Amencium-241
Plutonium -239
Plutonium-238
Amencium-241
Plutonium-238
Plutomium-239
Plutonium-238
Plutonmium-239
Plutorium-238
Plutomum-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
Plutonium-239
Plutonium-238
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Alpha Results Analyncal Uncertainty

(eCY/L

0002
0024
0 002
0073
0007
0107
0001
0071
0003
0091
0001
0036
0020
0029
0002
0028
0008
0009
0021
0004
0 004
0.007
0007
0 008
0000
0 006
0.000
0002
0002
0003
0003
0 000
0005
0002
0002
0 001

(pCWL)

0003
0004
0003
0 005
0004
0 002
0003
0003
0003
0003
0003
0011
0005
0003
0003
0005
0 005
0005
0 005
0 002
0003
0 005
0005
0003
0009
0002
0045
0005
0002
0003
0002
0002
0007
0 006
0 004
0004



Sample Number Pond Date Collected

SW60233wWC
SW60237WC
SW60237TWC
SW60247WC
SW60247WC
SW60259WC
SW60259WC
SW60155WC
SW60155WC
SW60155WC

STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF
STPEFF

Appendix 8

Alpha Spectroscopy Results

5/13/92
6/25/92
6/25/92
1/22/92
7/22/92
8/12/92
8/12/92
8/27/92
8/27/92
8/27/92

Isotope

Plutomium-239
Plutonium-238
Plutomum-239
Plutonium-238
Plutomum-239
Plutonmium-238
Plutonium-239
Amerncium-241
Americium-241
Plutonium-238

Page 73

Alpha Results Analytical Uncertainty

EC/L

0001
0002
0002
0004
0004
0007
0001
0 002
0006
0010

(pCVL)

0 007
0004
0 005
0002
0003
0005
0010
0004
0014
0036
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QA/QC Results for Alpha Spectroscopy

Report Number  Isotops  Analyucal Result Uncertanty

13332
12505
12506
12507
12508
12669
12670
12509
12510
12668
12286
13072
13070
13071
13073
13250
13247
13249
13998

13998
13998

13999
13247

Amencium-241
Plutonium-238
Plutouum-239
Plutonjum-238
Plutomum-239
Plutomaum-238
Plutouum-239
Plutonium-238
Plutonium-239
Amernicium-241
Plutomum-238
Plutonium-238
Plutoruum-238
Plutomum-239
Plutouum-239
Amencium-241
Amencium-241
Amencium-241
Plutonium-238

Plutomium-239
Plutonium-239

Plutonium-238
Amencium-241

224
277
14
277
14
0458
03s1
21
14
2.52
0952
181
181
429
429
0146
0.215
0.146
341

0643
0917

0.221
0.215

Units QC Value Q C Uncentunty Comments

0104 PCIL
014 PCL
008 PCIL
014 PCIL
008 PCIL
0059s PC/L
00502 PCL

014 PCIL

008 PCIL

012 PCIL
0044 PCIL
o0 PC/L
oo PCIL
0164 PCIL
0164 PCUL
00202 PCIL
00178 PCL
00202 PCUL

0186 PCI/L

0053 PCyL

0042 PCUL

0016 PCUL

00178 PCU/L
Poge 74

228
262
134
262
134
044
03
262
134
286
087
17§
175
445
445
014
023
014
35

0.59
104

024
023

004
014
002
014
002
002
0005
014
002
005
004
009
009
008
008
0003
0 004
0003
018

001
002

001
0004

Under Control
Under Conurol
Under Control
Under Control
Under Control
Under Control
Under Controt
Under Control
Under Control
Warmning 2-3 Sig
Under Conrol
Under Control
Under Control
Under Control
Under Conurol
Under Control
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l Appendix 10

Samples Analyzed by Both Alpha Spectroscopy and TIMS

piv Number Pond  Date Collected  MS Results (pCy/L)  Alpha Results (pCy/L)
HE6SWC A4 10/15/91 00012 +/- 0 0006 0003 +/- 0 002
STWC A4 1171191 0.0041 +/- 00010 0001 +/- 0 002
n9SWC A4 12/1791 0.0009 +/- 0 0007 0 004 +/- 0 002
NIWC A4 3/17/92 00199 +/- 00012 0 009 +/- 0 004
212WC A4 2/20/92 0 0016 +/-0 0008 0001 +/- 0003
6U222WC A4 4/20/92 0 0029 +/- 0 0007 0003 +/- 0003
"<N230WC A4 5/13/92 00041 +/- 00010 0002 +/- 0 003
0244WC A4 7122092 00026 +/- 0 0007 0004 +/- 0003
W60250WC A4 8/11/92 0 0025 +/- 0.0 007 0004 +/- 0 003
'60164WC BS 10/14/91 00032 +/- 0 0008 0 005 +/- 0 003
60168WC  BS 11/1191 00055 +/- 00014 0003 +/- 0003
SW60197WC  BS 12/18M91 0 0038 +/- 0 0010 0 006 +/- 0 003
TN60198WC  BS 1/6/92 0.0082 +/- 0 0005 0001 +/- 0003
W60218WC  BS 2/20/92 0 0067 +/- 00017 0016 +/- 0005
SW60219WC  BS 3/18/92 00243 +/- 00015 0031 +/- 0006
IW60223WC  BS 4/20/92 00036 +/- 0 0009 0005 +/- 0009
SW60231WC  BS 5/13/92 0004 0+/- 00010 0 006 +/- 0 003
SW60235WC  BS 6/16/92 00077 +/- 00019 0 008 +/- 0 004
SW60245WC BS 7/22/92 00022 +/- 0 0010 0 007 +/- 0003
SW60254WC  BS 8/12/92 00053 +/- 00013 0 006 +/- 0.004
SWe0152WC 2 8/28/92 00436 +/- 00026 0 066 +/- 0 009
SW60159WC  C2 9/9/91 00396 +/- 0 0024 0 055 +/- 0 009
SW60163WC (2 10/14/91 00475 +/- 0 0029 0044 +/- 0 007
SW6016OWC C2 11/1191 0.0304 +/- 0 0018 0045 +/- 0008
SW60189WC C2 12/12/91 00209 +/- 00013 0084 +/- 0011
SW60200WC  C2 1/6/92 00126 +/- 0 0008 0013 +/- 0005
SW60213WC 2 2/19/92 0.0202 +/- 00012 0024 +/- 0008
SWe02U4WC C2 4/20/92 0.0510 +/- 0/0031 0073 +/-0 011
SW60232wC 2 5/13/92 0 0966 +/- 0 0029 0107 +/-0013
SW60236WC C2 6/16/92 0.0623 +/- 0 0037 0071 +/-0010
SW60246WC C2 7/22/92 0.0799 +/- 0.0048 0091 +/-0013
SW60249WC (2 8/1192 00342 +/- 00021 0036 +/- 0007
SW60166WC  STPEFF 10/15/91 00027 +/- 0 0014 0.004 +/- 0.004
SW60170WC  STPEFF 11/1181 0.0008 +/- 0 0008 0 000 +/- 0 002
SW60196WC  STPEFF 12/17/91 0.0015 +/- 0.0008 0 000 +/- 0 003
SW60199WC  STPEFF 1/6/92 00036 +/- 0 0009 0 002 +/- 0.005
SW60206WC  STPEFF 2/26/92 00013 +/- 0 0007 0.003 +/- 0 003
SW60221WC  STPEFF 3/25/92 0.0025 +/- 0.0006 0005 +/- 0003
SW60225WC  STPEFF 4/2192 0.0005 +/- 0 0009 0002 +/- 0.002
SW60233WC  STPEFF 5/13/92 0.0018 +/- 0 0009 0001 +/- 0002
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